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Bell-powered Agena satellites in orbit — symbolized. 


THE ENGINE WITH THE FUTURE 


Reliability . . . Efficiency . . . Flexibility. 
In space, these words have a million-dollar meaning. 


Vast sums of money and vital scientific data ride on 
these built-in attributes of Bell Aircraft’s rocket engine 
for Lockheed’s Agena satellite, second stage of the Air 
Force Discoverer series. 


The Agena engine, designed with space in mind long 
before space became a household word, has fulfilled 
its every mission and has placed more tons of useful 
payload into orbit than any other power plant. Its 
operational reliability is backed by six years of develop- 
ment and 5,000 test firings. 


This Bell engine now has re-start capability — the first 
in the nation. This means that its satellite can change 
orbit in space without the penalty of extra engines. 
Presently in production, this engine also is adaptable 
to new fuels and new assignments and, consequently, is 
programmed for important military and peaceful space 
ventures of the future. 


Agena’s engine is typical of the exciting projects in Bell’s 
rocket propulsion center. It is part of the dynamic new 
approach of a company that’s forging ahead in rocketry, 
avionics and space techniques. These skills serve all 
government agencies. Engineers and scientists anxious 
for a new kind of personal challenge can find it at Bell. 
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This concept of man’s attempt 


harness bird power in 


empl to fly first appeared 


in “The Man in the Moon”? — 


published in Paris in 1648. 


» 1659, the same mode of air 
travel was depicted in another 
look, Flying Wanderer” 

ere, Brussel-Smith, noted — 


phic artist, has interpreted 


original drawing through 


the medium of wood engraving. 


IMAGINATION IN SPACE 


Since Creation, man has looked out on space. 
At first, unknowing and incurious; then 
with the beginnings of understanding; now 
free and able to explore. Yet to move in space 
calls for wholly new concepts of energy. 
This, then, is the working philosophy of 
Hercules in chemical propulsion: To design 
and manufacture highly concentrated packages 
of energy as propellants and rocket motors; 
each compatible, controllable, predictable; and 
each perfected for its specific mission. 


HERCULES’ BACKGROUND: A half-century of 
creative imagination in the evolution of propellants, 
from shotgun powder to the manufacture of every one of 
the millions of U.S. rockets fired during World War I, 
and now to space propulsion. Hercules facilities today 
encompass research, design, engineering, and staff 
organization for the production of the most advanced 
propellants. Mlustrated brochure available on request. 


HERCULES POWDER COMPANY 
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900 Market Street, Wilmington 99, Delaware 
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One ofa series 


Catching Up with a Slippery Equation 


What goes on when two moving surfaces are separated by a film of oil? 


Simple question? Maybe, but engineers and mathematicians have 
been trying to answer this classic question of lubrication ever since 
Osborne Reynolds neatly stated the problem in equation form back in 1886, 


Unfortunately, analytical methods for solving Professor Reynolds’ 
partial differential equation worked only for unrealistic oil bearings, 
bearings with widths approaching zero or infinity. And approximate 
methods were crude, requiring a complete recalculation for each slight 
change in the bearing. 


Recently, mathematicians at the General Motors Research Laboratories 
came up with the most versatile and efficient method of solution 

yet made. Their analytical method for solving the two-dimensional 
Reynolds’ equation applies to all finite journal bearings — as well as 
other hydrodynamic hearings — with no assumptions or approximations 
about boundary locations. The new method uses a long-neglected energy 
theorem recorded by Sir Horace Lamb instead of the force relationship 
tried by Reynolds and others. 


Besides being a valuable contribution to the theory of lubrication, this 
work has its practical side: namely, accurate, serviceable design 
curves for engineers. At GM Research, we believe delving into both 
the theoretical and applied sides of a problem is important to progress. 
It is a way of research that helps General Motors fulfill its pledge 
of “more and better things for more people.” 


General Motors Research Laboratories 
Warren, Michigan 


Hydrodynamic analyses have 10,000 
led to specific answers about 

bearing operation. Shown 

here are the oil pressure or 100 
distribution (main illustration) Capacity 


Only curve previously available. 


L/D=0 
and load-carrying 
L/D =1.0 
capacity for a non-rotating 
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Astro notes 


SATELLITES 
e After a run of indifferent luck 
with its weather experiments, 


NASA rang the bell with the Tiros-I 
cloud-cover satellite. The 270-Ib 
package included two RCA vidicon 
cameras, magnetic-tape storage 
equipment, command receiver, 2- 
watt transmitter capable of reading 
out 64 pictures in 3.5 min using a 
bandwidth of 62.5 ke, and an im- 
posing system of solar cells. De- 
spite a malfunction of the clock 
programming device for the nar- 
row-angle vidicon (images 80 miles 
on a side with 500 lines per frame), 
the satellite produced —approxi- 
mately 2000 pictures in its first 
week aloft, most being supplied by 
the wide-angle vidicon (images 800 
miles on a side and 500 lines per 
frame). NASA’s Abe Silverstein 
estimated that Tiros I should oper- 
ate three months. 


® The excellence of the Tiros pic- 
tures led many to speculate on its 
reconnaissance capability. NASA 
finally held a press conference and 
showed off all the pictures it had to 
prove that no object of military sig- 
nificance could be seen, not even 
cities. 


e An_ interesting feature of the 
solar-powered satellite’s operation 
is the fact that its spin axis will de- 
viate from the plane of its orbit. 
The narrow-angle camera thus lost 
sight of the earth entirely after 15 
days, and the images obtained by 
the wide-angle (100 deg) vidicon 
will gradually contract to a narrow 
sliver as the spin axis of the satel- 
lite reaches a 90-deg angle with the 
plane of the orbit about 30 days 
after launching. As the angle ap- 
proaches 180 deg, the wide-angle 
camera will record increasing por- 
tions of the earth and the narrow- 
angle Jens will once again record 
cloud-cover data. 


Third-stage ignition failure sty- 
mied the NASA attempt to put a 
23-Ib package of radiation detectors 
into a highly-elliptical orbit with 
the Juno II. The package was to 
go into a 17-hr orbit with a perigee 
of 200 miles and an apogee of 33,- 
000 miles, so that it could obtain 
a complete profile of the earth’s ra- 
diation belts. NASA’s present Juno 
iI program still includes one backup 
shot for a satellite of this kind. 


® The Navy’s second attempt to 
orbit a Transit navigation satellite 
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was successful April 13. The AF 
proceeded to launch the 265-lb ex- 
perimental Transit with a new two- 
stage vehicle called Thor-Able-Star. 
The “Able-Star” portion of the ve- 
hicle measures almost 15 ft in 
length and 5 ft in diam and has a 
total burning time of 300 sec, com- 
pared with about 100 sec for the 
Able stages previously in 
space launchings. Able-Star’s 
thrust was put at 7900 lb, com- 
pared with 7700 Ib for the Able. 
The new rocket stage, built by 
Aerojet, employs eight small nozzles 
to emit pressurized nitrogen gas 
during coasting periods to control 
attitude prior to final orbital injec- 
tion. On April 14, the Navy an- 
nounced it would attempt to orbit 
a second Transit late this spring. 


e NASA is planning a 350-Ib solar 
observatory satellite for a launch by 
a Thor-Delta rocket in the spring of 
1961. The package will be 
equipped with X-ray spectrographs 
sensitive to 10 A, photomultipliers 
to detect ultraviolet, and several 
secondary experiments, including 
gamma radiation and neutron al- 
bedo. The satellite will employ a 
flywheel arrangement and gas jets 
to keep it pointed at the sun with 
an accuracy of 1 min of are. 


¢ NASA is also planning a 150-lb 
“flashing-light” satellite, which 
would be put in an 800-1000 mile 
orbit. Emitting 1-millisec pulses 
of light every 2 min during. its 
nightside passages, the satellite will 
be visible to the naked eye at 1000 
miles, giving about the brightness 
as a third- or fourth-magnitude star. 
The satellite will incorporate solar 
cells, tracking transmitters, a com- 
mand receiver to trigger pulses of 
twice the normal intensity, and op- 
tical corner cubes to reflect the 
beams of  searchlights on the 
ground, 


PIONEER V 


e NASA’s 94.8-lb space probe, 
Pioneer V, finished the first month 
of its long, lonely journey with its 
equipment in good order. At 3.5 
million miles from the earth, its 5- 
watt signals were still coming in 
distinctly to tracking stations at 
South Point, Hawaii (60-foot dish), 
and Jodrell Bank, England (250-ft 
dish). It was clear that Hawaii 


would soon lose the ability to com- 
mand the planetoid; but the an- 


tenna at Jodrell Bank was expected 
to have no trouble at great dis- 
tances. 


® NASA is determined to stick to 
the 5-watt transmitter until mid- 
May or longer before it resorts to 
the 150-watt transmitter. Because 
of its higher power consumption 
and its great output of heat, the 
150-watt transmitter has a greater 
probability of failure than the 5- 
watt system; and NASA doesn't 
want to command it until absolutely 
necessary. “We don’t even know 
if the 150-watter is working,” a 
engineer confided wryly. 
“It wasn’t checked out at the Cape 
because there was some fear that 
the radio-frequency energy might 
set off some of the squibs in the 
third-stage pyrotechnics.” 


® Pioneer V has already obtained 
important information with its spin- 
coil magnetometer, according to 
Space Technology Laboratories, 
which designed the payload. For 
instance, it encountered magnetic 
fluxes of 10 to 100 micro-gauss at 
5 to 7 earth radii. This appears to 
verify the existence of the Sturmer 
current rings. (The Russians re- 
ported the current rings after the 
Lunik-I flight, and they may have 
been detected by Pioneer I late in 
1958.) The probe also reported a 
disturbed region in the earth’s mag- 
netic field at 10-14 earth radii. 
This disturbed region is apparently 
caused by a constant “solar wind” 
of protons interacting with the 
earth’s field. 


SPACE TECHNOLOGY 


® The AF Wright Air Develop- 
ment Div. previously WADC is de- 
veloping a “space heliograph” 
which may be able to transmit up 
to 10 words per minute even from 
such a remote and “noisy” environ- 
ment as the full moon. It would 
consist of a mirror of about 1 
square meter in area plus a me- 
chanical shutter or polarizing cell 
to modulate the transmitting light 
beam. Its chief advantage would 
be energy conversion efficiency; it 
can utilize 50-60 percent of the 
incident sunlight, compared with 
only about 1 percent for a solar- 
powered transmitter like the one in 
Pioneer V. 


¢ NASA contract awards were ex- 
pected in April for the airframe of 
the second stage of the C-1 version 


| 
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FOR THE AIR FORCE, MSVD 
engineers test  three-axis 
stabilization system. Lamp 
simulates Sun. Similar sys- 
tem will assure station-keep- 
ing capability in orbit of U.S. 
communication satellites. 


MISSILE(<|AND SPACE 


..center for missile and space technology research 


© VEHICLE | and development at General Electric 


DEPARTMENT 


Progress space vehicle navigation 


As space vehicles probe further and further away 
from the Earth, and as their missions become 
more and more complex, the need for accurate, 
high-precision space navigation and control 
becomes increasingly vital. 

General Electric Missile and Space Vehicle 
Department engineers are now developing and 
testing space vehicle control equipment for the 
24-hour-orbit communication satellite program. 
They have already designed and flight-tested on 
space vehicles a three-axis stabilization system as 
well as orbit computation and correction tech- 
niques. Using the Earth and Sun as reference 
points, this MSVD three-axis system successfully 
controlled the attitude in space of U.S.A.F. Atlas 
and Thor re-entry vehicles during a major portion 


of their ballistic flights. The control accuracy at- 
tained on these flights could be duplicated on 
flights further into space, using other planets and 
stars as check-points. 

For more information about MSVD’s space 
navigation and control work for the Air Force 
and its other contributions to U.S. space 
technology progress, write to Section 160-73, 
General Electric Missile and Space Vehicle 
Department, Philadelphia 4, Pennsylvania. 


GENERAL @@) ELECTRIC 


MISSILE AND SPACE VEHICLE DEPARTMENT 


A Department of the Defense Electronics Division 


Scientists and Engineers interested in career opportunities in Space Technology, contact Mr. T. H. Sebring, MSVD 
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of the Saturn vehicle and for the 
200,000-Ib-thrust lox-hydrogen en- 
gine for the second stage of the 
C-2 Saturn. As now planned, C-1 
will have four Centaur engines to- 
taling about 80,000-Ib thrust in the 
second stage and two Centaur en- 
gines as the third stage. The C-2 
Saturn will be a four-stage vehicle 
like the C-1 except for a second 
stage powered by two of the 200,- 
(000-lb-thrust engines. Cost for the 
C-1 development and testflight pro- 
gram (10 rockets through March 
1964) was put at $850 million by 
NASA’s Deputy Administrator 
Hugh Dryden. 


e NASA has dropped the “bustle” 
from the shape of its lunar orbiting 
paddlewheel packages as a result 
of studies conducted since the first 
Atlas-Able moonshot failed last 
Thanksgiving Day. The agency 
found that the aerodynamic loads 
on the fairing peaked between two 
of the speeds measured during the 
tests and that the upper stages tore 
loose from the Atlas booster at this 
critical point. To ease the load, 
NASA has switched the package 
from a sphere to a more cylindrical 
shape, thus eliminating most of the 
waist in the protective fairing. 


SPACE WEAPONS 


e The Weapons Guidance Labora- 
tory of WADD has dreamed up a 
rip-snorter of a space weapon which 
it calls ADOS—Astronautical De- 
fensive-Offensive System. It may 
be the first serious—and feasible— 
proposal to employ particle radia- 
tion for long-range combat in space. 


e As visualized by its originator, 
Roman Szpur, the ADOS vehicle 
would be shaped like a lollipop. At 
the end of the stick would be a 
nuclear reactor for power; the 
sphere itself would contain the fire- 
control system and would be en- 
circled by a ring movable on two 
axes, so that an orifice could be 
pointed in any specified direction. 
The ring itself would be a synchro- 
tron or cyclotron capable of acceler- 
ating bursts of protons or electrons 
to high energies, while neutrons 
could be emitted directly from a 
slot built into the reactor. 


e “Radiation weapons begin to 
smell beautifully outside the at- 
mosphere,” Dr. Szpur commented. 
Beams of particles can be focused 
precisely and transmitted great dis- 
tances without absorption or scat- 
tering in the vacuum of space, he 
explained. Furthermore, the power 
requirements are not beyond reach. 
“Even two kilowatts focused on 
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one-tenth of a centimeter can do a 
lot of damage,” he said. 


e Although it is far too early to 
think about hardware development, 
the temptation is irresistable to 
speculate about the possibilities of 
the system. One can visualize a 
screen of ADOS vehicles circling 
the earth in “guardian” orbits, ready 
to pounce on hostile targets upon 
command from the ground. Mis- 
sile warheads might be “cooked off” 
by ADOS neutron beams, while 
enemy spacecraft with delicate elec- 
tronic equipment or human pas- 
sengers could be disabled with the 
highly ionizing bursts of charged 
particles from the ADOS accelera- 
tors. 


DEFENSE SHIFTS 


© In a series of sharp program re- 
visions, the AF has wiped out the 
400-mile-range Bomarc-B air de- 
fense missiles and their associated 
Super Sage control centers on the 
West Coast. Bomarc-B squadrons 
will be eliminated at Paine AFB, 
Wash., Adair AFB, Ore., Travis 
AFB, Calif., and Vandenberg AFB, 
Calif. The USAF insisted the ac- 
tion won't affect the Canadian plan 
to deploy the Bomarc-B missile and 
that the American program con- 
tinues to provide for the necessary 
Sage control and direction centers 
in Canada to operate the weapon. 


© The airmen said the Sage-Bomarc 
phase of the air defense program 
has been slipping in time and that 
it probably could not be completed 
until 1966 when the main threat 
should be ballistic missiles. In or- 
der to meet better the principal 
Soviet attack threat in the next year 
or so, the AF said, it will put 
greater emphasis on the current 
Century series of interceptors, in- 
cluding a better radar, a new fire 
control system, and the Gar-11 mis- 
sile with a small nuclear warhead. 
It also will continue development 
of the long-range pulse Doppler 
radar and the 25-mile-range Gar-9 
missile planned for the defunct F- 
108; these may be in the North 
American A3J Vigilante in case the 
AF decides to buy this Mach-2 air- 
craft for the Air Defense Command. 


e The AF stepped up its program 
to build hardened Atlas pads. It 
announced that the last six Atlas 
squadrons would receive three ad- 
ditional missiles each during 1962. 
It also announced that more effort 
will be devoted to the Ballistic Mis- 
sile Early Warning System and the 
Midas infrared warming satellites. 
The initial) BMEWS site will go 


into operation this fall at Thule, 
Greenland, while two more sites 
at Clear, Alaska, and Flyingdales, 
England, will be accelerated. 


¢ The Defense Department has as- 
sumed close control over all mili- 
tary test ranges, tracking stations, 
and ground environment facilities 
in a reorganization which will bring 
Maj. Gen. Donald N. Yates, USAF, 
from his present command at the 
Atlantic Missile Test Center to an 
office in the Pentagon. He will 
become Deputy Director of Defense 
Research and_ Engineering for 
Ranges and Space Ground Support, 
while Alvin G. Waggoner will be 
Assistant Director. Both will report 
to Herbert F. York, Director of 
R&E. The new office will maintain 
an inventory of all range instrumen- 
tation, tracking facilities and test 
equipment, and it will stay abreast 
of long-range schedules to employ 
these facilities. It will advise Dr. 
York on all plans for new facilities, 
serve as a focal point to coordinate 
NASA and military range require- 
ments and, hopefully, help elimin- 
ate range squabbles between the 
services. 


MISSILES 


© The AF will put its first Minute- 
man “pilot train” on the tracks this 
summer. Although lacking mis- 
siles, the pilot train will identify re- 
quirements for the later operational 
trains—particularly requirements for 
communications linking roving 
trains with the headquarters of the 
Strategic Air Command. The rail- 
road brotherhoods have promised to 
man the missile trains regardless of 
strikes, so it appears likely that the 
trains will be operated by civilian 
crews while the airmen work the 
missiles. 


¢ The total railroad force of Min- 
uteman ICBM’s is 250, with an- 
other 550 earmarked for installa- 
tion in underground silos hardened 
to more than 100 psi. The AF an- 
nounced the selection of Malmstrom 
AFB, Great Falls, Mont., as the site 
for the first three squadrons to be 
operational in 1963. The first rail- 
road Minuteman missiles should be- 
come operational a year later in 
trains of two to five weapons each. 


® The Navy formally announced its 
interest in the Typhon shipboard 
air defense missile system with the 
award of a $38,500,000 contract to 
Westinghouse Electric Co. to com- 
mence development of the long- 
range-radar portion of the system. 
The Typhon concept includes both 
a Super-Tartar for medium range 
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ADVANCED 
EXPLOSIVE 
TECHNOLOGY 


ORDNANCE 


Safe/Arm Systems 


Exploding Bridgewire Systems 


Safe/Arm initiators & Igniters 


For rocket, missile and space vehicle applica- 
tions. 


Exploding Bridgewire Systems 


Applicable to separation, thrust termination, 
rocket ignition and an unlimited variety of 
other critical functions. 


Gas Generators (hot & cool gas) 

For actuation of APS, APU, CAD; floatation sys- 
tems; system pressurization; ignition of liquid 
propellants; operation of hydraulic systems and 
re-entry attitude control systems. 


Explosive Bolts 


For release and separation requirements; thrust 
reversal and termination; destruct. 


Explosive Bolts 


Pressure Cartridges & Igniters 


Gas Generators 


Pressure Cartridges 


Operation of release and separation systems; 
linear and rotary actuators; pressurization of 
all systems with high-energy, hot-propellant 
gases. 


Igniters 
For solid and liquid propellants. 


(squibs, primers & destructors) for the initia- 
tion of pyrotechnics and high explosive trains, 
and all other explosively operated or actuated 
devices. 


Hi-Pressure Electric Terminals 


to introduce electrical leads into pressure 
vessels, rocket motors and bomb chambers. 


Available immediately, for a wide variety of applications, are a family of controlled 
explosive products. The Gnits are compact, lightweight, rugged and reliable. 


Mc Cormick Selph Associates 


HOLLISTER AIRPORT/ HOLLISTER, CALIFORNIA 
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and a Super-Talos for long range. 
The system is to have a search, de- 
tection, and track range of 200 
miles and a kill range of 100 miles. 


@ Convair Div. of General Dynam- 
ics won the Army’s competition for 
development of the Mauler air de- 
fense missile and was awarded a 
$5,500,000 contract to cover costs 
for the first year of work. Mauler 
will be a_solid-propellant radar- 
guided missile capable of being in- 
stalled in “batteries” in a tracked 
vehicle and of being operated by a 
three-man crew. It is designed 
chiefly for protection of motorized 
columns, and is therefore larger and 
of greater range than the heat-seek- 
ing Red-Eye, which Convair is de- 
veloping for infantry units. 

®@ Martin-Orlando received a Navy 
contract to develop a fifth version 
of the Bullpup air-to-surface missile. 
Called Bullpup B, the new weapon 
is to have “improved capabilities” 
but these were not disclosed. Pre- 
sumably they will take advantage 
of the larger warheads and more 
sophisticated guidance techniques 
which the AF wants in its Bullpup 
weapons—e.g., a television guidance 
system which will permit the pilot 
of the launching aircraft to break 
away as soon as the missile releases, 
yet continue to control it through 
a TV screen in his cockpit. The 
present radio command system re- 
quires the pilot to follow the Bull- 
pup until it strikes, and therefore 
is limited to conventional warheads. 


® The Administration approved a 
Navy proposal to undertake ad- 
vance procurement of reactor com- 
ponents for nine instead of three 
more Polaris submarines in fiscal 
1961, and it may seek formal au- 
thorization and construction funds 
for the vessels if the Navy is able 
to prove operational readiness of 
the missile this summer. Recently, 
the Navy dedicated its Polaris as- 
sembly and storage depot at Char- 
leston, S.C., and said it would out- 
fit the George Washington and 
Patrick Henry with 16 weapons 
each by year’s end. 


e The first five Polaris submarines 
will receive missiles of 1200 n. mi. 
range, according to Adm. William 
F. Raborn. The sixth submarine— 
the Ethan Allan—will receive the 
first 1500-n. mi. missiles. Flight 
tests will commence this fall with 
installatfon planned for 1962. For 
the more distant future, Adm. Ra- 
born wants to develop a Polaris of 
2500 n. mi. range—which would 
give the submarines an additional 
9 million cubic miles of ocean to 
hide in. 
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e In the meantime, Polaris passed 
its first reported success in an un- 
derwater launching with subse- 
quent ignition of a test motor. The 
test was made by the Navy at its 
underwater range off San Clemente 
Island, Calif. The missile rose 
from a depth of about 200 ft and 
went into free flight under power 
for a short distance. Termed a 
success in every respect by the 
Navy, this test should move Poiaris 
to the stage of underwater firings 
from a vessel. 


NUCLEAR PROJECTS 


e NASA selected Aerojet-General 
to develop the turbomachinery and 
related equipment of the 30-kw 
Snap-8 system currently under de- 
velopment by the AEC. The ini- 
tial system should have a weight 
of about 1500 Ib, including reactor 
and shielding, and will be the 
power source for the first electrical 
propulsion system for a U.S. space- 
craft. NASA was reviewing pro- 
posals last month on an arc-jet mo- 
tor which would use an electrical 
spark to heat and expand a gas 
through a nozzle, and is expected 
soon to request proposals for an 
ion motor. Both would be tailored 
to the 30-kw Snap-8 reactor—the 
arc-jet to raise satellites from near 
orbits to “stationary” orbits at 22,- 
000 miles and the ion motor for 
more ambitious interplanetary 
flights. Both may be ready for 
flight test in four years. 


¢ The AF is studying a much more 
powerful nuclear powerplant called 
Spur—Space Power Unit Reactor. 
This is a 300-kw reactor operating 
at a core temperature of 1800 F and 
a radiator temperature of 1200 F. 
It would employ three liquid metal 
loops—sodium, potassium, and lith- 
ium. The AF expects to award a 
design study contract shortly for 
Spur, but it will be up to the AEC 
to develop the nuclear reactor part 
of the system. 


e Spur is interesting because it be- 
gins to approach the power levels 
necessary for large manned space- 
craft, as opposed to the small, 
lightly-shielded “snooper” type of 
vehicles which can be propelled by 
the lower-powered systems. As an 
example of the power requirement 
for a manned spacecraft, NASA has 
described a 12,600-kw, 58-lb-thrust 
system which could carry an eight- 
man expedition to Mars and back. 


e AEC has announced that two re- 
actors are in preparation for a 
Kiwi-A Prime test series this sum- 
mer. Nearly identical, and identi- 


fied as Kiwi-A Prime and Kiwi-A3, 
they resemble Kiwi-A outwardly, 
and will use the same test cell and 
other facilities in a variety of ex. 
periments aimed at pushing the 
nuclear rocket program. Kiwi-A3 
will be run continuously until the 
reactor shows damage, in an effort 
to determine safety margins and 
performance limits. 


¢ In addition, a new test cell, 
scheduled for completion in 196], 
is being built at the AEC Nevada 
test site. This cell will permit more 
extensive exploratory testing of 
complete nuclear rocket engines, 
In the meantime, Kiwi-A has been 
reassembled without nuclear com- 
ponents and hooked to the test cell 
at the site for nonnuclear cold-flow 
experiments preparatory to testing 
with the two new reactors. 


e AEC fusion-research program has 
passed a historical landmark. “We 
are now prepared to stake our repu- 
tations that we have a thermonu- 
clear reaction,” said James L. Tuck 
of Los Alamos, reporting to Con- 
giess on the program. The reac- 
tion, achieved in Scylla, took the 
form of an eggshaped fireball 8/,, 
in. in diam, containing about 50 
quadrillion deuterons per cc at a 
temperature of about 13 million C. 
Reactions have now been sustained 
for as long as seven-millionths of a 
second. 


e AEC scientists also described 
prospects for cryogenic electromag- 
nets that would greatly reduce the 
size and cost of fusion reactors. 
Example: A cryogenic electromag- 
net based on refrigerated sodium at 
10 K would be 10 ft in diam and 
100 ft long, have a power output of 
about 50 megawatts, and employ a 
magnet weighing 700 tons. A reac- 
tor similar in purpose based on an 
unrefrigerated copper electromag- 
net at 300 K would be 45 ft in diam 
and 330 ft long, generate 5000 
megawatts, and employ a 500,000- 
ton magnet—requiring for its con- 
struction some 50 percent of an 
annual production of copper in the 


WS. 


¢ The next goal in fusion research, 
according to AEC spokesmen, is the 
attainment of plasmas heated to 
50 million C or more. This is ex- 
pected in a relatively few years. 
Research is moving fast at Los 
Alamos, Livermore, Berkeley, Oak 
Ridge, Princeton, and NRL. The 
most extensive work is being done 
with magnetic-mirror generators. 
The Livermore Astron, a unique 
piece of equipment involving the 

(CONTINUED ON PAGE 12) 
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LOOK TO AVCO... 
for use-proven space age research tools 


Now available from Avco are advanced products and systems in the fields of Hypervelocity Instrumenta- 
tion, Rocket-Environment Test Equipment, and Plasma Research Facilities. Represented by local agents 
throughout the United States and the world, these products are fully use-proven in research and develop- 


ment laboratories across the nation. 


PLASMA RESEARCH FACILITIES 


Plasma Generator PG-500, 
operating with air as the work- 
ing fluid, duplicates all essen- 
tial conditions of atmospheric 
re-entry, consumes up to 1.5 
megawatts of power, produces 
enthalpies up to 12,500 Btu/ 
Ib. Uses include plasma re- 
search, materials testing and 
re-entry simulation. 


Plasma Generator PG-030, de- 
signed as ultra-reliable powder 
spray tool for industrial appli- 
cations and as laboratory heat 
source for scientific applica- 
tions, consumes from 4 to 50 
KW of power, sprays tungsten, 
carbides, alumina, zirconia, 
etc. Available with pistol grip 
or pedestal. 


Shock Machines, 100 and 500- 
Ib. capacity machines with 
shock pulses up to 1500 g’s, 
meet ballistic missile test spe- 
cifications by providing saw- 
tooth, quarter- and half-sine, 
and triangular pulses. 20-lb. 
capacity machine available 
June, 1960. 


Acoustic Noise Test Systems 
available in a variety of config- 
urations to meet specialized 
requirements. Systems avail- 
able withrandom noise outputs 
of 163, 150, 140, and 120 db. 
Larger systems feature Avco 
Acoustic Noise Generator AG- 
012, simulating random noise 
of rocket engine firing. 


Environmental Test Fixture 
TF-006-1 is compact and ver- 
satile, virtually resonance-free 
up to 2000 cps, mounts on 
standard vibration exciters, 
centrifuges and shock ma- 
chines; also handles several 
specimens along three mu- 
tually perpendicular axes. 


HYPERVELOCITY INSTRUMENTATION 


Shadowgraph and Schlieren 
Systems record events asso- 
ciated with hypervelocity aero- 
dynamic phenomena; include 
light source, lenses, catadiop- 
tric light screen, Kerr Cell 
Shutter and Camera. Record 
shock waves, flow patterns and 
impact deformations of space 
age research. 


Avco Kerr Cell Shutter permits 
any exposure from .005 to .1 
psec., is available as an in- 
dependent module. Large 2- 
inch aperture unit may be re- 
motely positioned for maxi- 
mum utility. Useful for ultra- 
high speed shuttering in 
ballistic, chemical and thermal 
research. Can be synchronized 
to Package Light Source. 


Package Light Sources, pro- 
viding from .3 to 1 usec. light 
pulse durations, are general 
purpose, spark-type units of 
cylindrical construction with 
coaxial discharge path; pre- 
determined triggering; also 
provide synchronized output 
pulse for balance of system. 


Rotating Mirror and Drum 
Cameras for accurate position- 
versus-time recording of hyper- 
velocity events. Mirror camera 
writes at rate of 4mm/usec. on 
70 mm film; Rotating Drum 
Camera writes at rate of .19 
mm/usec. on 76mm film for 
streak and Schlieren recording. 


Aesearch & Advanced Uevelopment 


For more information write: Products and Services Department, 
Research and Advanced Development Division, Avco Corporation, 
Wilmington, Massachusetts. 
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Consistently flight 
performance Project Mercury 


unsurpassed reliability 
THIOKOL solid rocket motors. 


Time after time, NASA’s workhorse, Little 
Joe, has soared into space, checking out 
the workability of materials, propulsion and 
escape systems, and reaction of research 
animals to the environment of space flight. 

Pollux, Recruit, Castor—solid rocket mo- 
tors from THIOKOL’s Elkton and Redstone 
Divisions—have unfailingly provided the 
thrust and power for Little Joe in its devel- 
opmental flights. 

THIOKOL’s record of propulsion reliability 
in the spatial program is long and brilliant, 
reaching back to the X-17 which flew suc- 
cessfully in 96 Jo of its launches, and to velopment capsule and research animals 
earlier research vehicles. to varying altitudes to obtain engineering 


In NASA’s Little Joe series, THIOKOL and medical data prior to launching man 
into orbit with subsequent safe recovery. 


Little Joe has carried this research and de- 


have developed up to 250,000 lbs. thrust, used in these missions are virtually off- 
today’s ICBM class. Smaller THIOKOL rock- the-shelf items and are available to other 


rch gr 
ets have been used to free escape capsule ee 


from booster. 


Vhto he Chemical Corporation 
® BRISTOL, PENNA. 
Plants in: 
TRENTON, N.J.; MOSS POINT, MISS.; DENVILLE, N. J.; ELKTON, MD.; HUNTSVILLE, ALA.; 
MARSHALL, TEXAS; BRIGHAM CITY, UTAH. 


“Registered trademark of the Thiokol Chemical Corporation 
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for its liquid polymers, rocket propellants, plasticizers, and other chemical products. 
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rotation of electron streams to form 
a magnetic sheath, is moving into 
new areas of research. Astron 
should go into action in 1961. 


© Swedish rocket expert Nils Wer- 
ner Larsson has stirred up a storm 
with his revelations about Soviet 
nuclear-rocket activities. Larsson 
says a Soviet nuclear engine was in 
the experimental phase early in 
1958, with first tests carried out last 
year. The propulsion system is said 
to combine a nuclear engine with a 
conventional — chemical-propellant 
system, raising the exhaust velocity 
obtained to twice that of conven- 
tional systems. 


e Larsson reported that the engine 
has a thrust of 180,000 kg and exit 
velocity is 6 km/sec. The propul- 
sion system, he said, is based on a 
homogeneous reactor using 30 kg of 
enriched Uranium 235 and 12,970 
kg of graphite. Liquid hydrogen is 
heated to a velocity of 3-4 km/sec, 
after which it is burned in four con- 
ventional combustion chambers 
(made of a new alloy in East Ger- 
many) with lox and another fuel. 
Combustion duration is said to be 
200 sec. The engine, Larsson 
noted, is scheduled for use in a 
vehicle 22 meters long and 4.95 
meters in diam. 


R&D 


© Lear's Solid State Physics Lab is 
building an electroluminescent 
thermometer-type engine indicator 
display for the Navy, marking one 
of the first applications combining 
electroluminescence and deposited 
circuitry . . . CBS Labs’ Photoscan 
air recon system has been bought 
by Navy and AF for tri-services 
tests . . . Thiokol has successfully 
track-tested the complete rocket- 
catapult assembly for the B-58 es- 
cape system... Bell Aircraft has 
received a $1.4 million AF contract 
for development of an_ insulated 
double-walled cooled re-entry struc- 
ture 


® Grand Central Rocket has static 
fired a case-bonded, cast nitrasol 
propellant motor at an initial tem- 
perature of —68 F after repeated 
temperature cycling between —75 
and +165 F—good performance for 
a high-energy nitrasol . . . Cook 
Electric has received an AF con- 
tract to study aerodynamic decel- 
eration devices at high Mach num- 
bers and high altitudes . . . Chance- 
Vought’s Electronics Div. has de- 
veloped twin-gyro controlle: 
which can be used instead of reac- 
tion jets or inertia wheels to control 
space vehicle attitude . . . Sperry 
has reported development of an 
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electron beam five times more pow- 
erful than previous beam devices, 
thus removing one of the basic ob- 
stacles to extension of long-range 
missile guidance radars and _ anti- 
missile systems... 


e A 100,000-lb-thrust rocket engine 
using boron fuel and a storable ox- 
idizer has demonstrated the best 
performance ever attained in large- 
scale tests of storable liquids, Mar- 
quardt reports. The tests were part 
of the WADD-sponsored hyperjet 
engine development program . 
Aerojet has developed an optical in- 
spection device capable of provid- 
ing a detailed interior view of the 
grain bore for solid-rocket motors. 


MATERIALS 


¢ Bendix Products Div. has tested 
a new high-temperature tungsten- 
base cermet which showed zero 
throat erosion in a series of sub- and 
full-scale solid-rocket firings in a 
large hot aluminized solid-propel- 
lant program .M &C Nuclear 
has announced commercial produc- 
tion of uranium, thorium, and other 
metal foils in thinner gauges and 
wider strips than have previously 
been available. Width has been 
upped from 8 to 12 in. and thick- 
ness reduced from 0.001 to 0.0005 
in... . Sylvania’s Metallurgical Div. 
has received a $356,000 Navy con- 
tract for the development of rolled 
molybdenum alloy sheet for pos- 
sible use as structural materials for 
rockets and missiles . . . A new 
solid-propellant rocket binder com- 
bining the high-performance of hy- 
drocarbons with the superior proc- 
essing and broad performance char- 
acteristics of polysulfides has been 
developed by Thiokol. The new 
C-12 polymer is now being eval- 
uated for optimum viscosity and 
molecular linkage . . . Thiokol has 
also discovered improved methods 
for producing three new nitrogen- 
fluoride oxidizers—dinitrogen tetra- 
fluoride, dinitrogen difluoride, and 
difluoramine—as well as a means for 
improving the vield of nitrogen tri- 
fluoride. 


EDUCATION 


® One of the most ambitious and 
potentially far-reaching youth edu- 
cation programs in astronautics 
makes a formal bow May 7 with 
the Explorer Scout Science Expo- 
sition being held in Los Angeles, 
Calif. This Exposition, expected 
to draw a participating audience of 
some 700 Scouts from the L.A. 
area, will feature prominent ARS 
members as speakers—e.g., Howard 
Seifert, Milton Clauser, William 
Rogers, and Arthur Kantrowitz— 


and will have displays provided by 
the Southern California astronau- 
tics industry under the sponsorship 
of Daniel, Mann, Johnson, and 
Mendenhall. With the further 
guidance of the ARS Education 
Committee and the Southern Cali- 
fornia Section, and the cooperation 
of government and industry groups, 
the L.A. Council of the BSA will 
follow this introductory exposition 
with a two-day camperee in June 
at a missile base and a 40-lecture 
seminar the  astronautical 
sciences in the L.A. area during 
the 1960-61 school year. 


INTERNATIONAL NEWS 


e U.S.S.R. threw a curve at the 
UN and its plans to hold an inter- 
national outer space conference this 
fall by demanding that a Soviet sci- 
entist be given the task of organiz- 
ing and administering the meeting. 
It now looks as though the meeting 
will have to be postponed until next 
spring. 

e NASA and the Canadian Defense 
Research Telecommunications Es- 
tablishment will carry out a joint 
study of the ionosphere by means 
of a sweep frequency topside 
sounder satellite next year. The 
project is the first in NASA’s pro- 
gram of international cooperation in 
the space sciences. NASA and 
British scientists have already 
reached a_ tentative agreement 
under which three British satellites 
would be launched by U.S. rockets 
within two to four years, and NASA 
is also considering the purchase of 
British Skylark research rockets 
which would be instrumented here 
and fired at Woomera. 


e A team of scientists and techni- 
cians under R. D. F. Boyd has built 
a unique “flying telescope” at Uni- 
versity College, London. Incorpo- 
rating six photomultipliers and built 
at a cost of only $1500, the tele- 
scope will be used in an early Sky- 
lark flight at Woomera to build up 
TV-type pictures of the sky and 
measure the intensity of ultraviolet 
light beyond the earth’s atmosphere. 


e U.S. and Australia have reached 
an agreement on long-term cooper- 
ation in space exploration. Initial 
steps will include the building of 
facilities at Woomera for tracking 
and interrogating U.S. satellites, 
and, in particular, Mercury cap- 
sules. 85-ft radar-tracking 
telescope will be built by the U.S. 
near Woomera as the first step in 
the program... The U.K. is de- 
veloping a new AA missile, Tiger 
Cat, actually a landbased version of 
the Sea Cat, for Army use. 
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STROMBERG -CARLSON 
a oivision ofr GENERAL DYNAMICS 


1400 N. GOODMAN STREET «ee ROCHESTER 3, NEW YORK 


AVAILABLE NOW FOR 
ANY WEAPONS SYSTEM: 
SCATE— Stromberg-Carlson 
Automatic Test Equipment 


e Completely solid state; modular. 
e Punched Mylar tape with photo- 
electric reader programs tests at 
rates up to 7,000 bits per second. 
e Tests any weapons system, com- 
ponent or sub-assembly. 

e Follows weapons system from 
prototype to operational status. 

e Self-checking; self-calibrating. 

e Detailed fault location down to 
the smallest resistor. 

e Provides rapid HI-GO-LO and 
numerical evaluation as well as 
permanent printed record. 

e Reduces cost and time of design- 
ing test equipment for each indi- 
vidual requirement . . . because 
most modules are standard. 

e In a typical case, SCATE has 
reduced a 12-hour manual testing 
program to less than 5 minutes — 
a reduction of over 99%. 

Today’s SCATE system—cur- 
rently in production for an ad- 
vanced weapons system — is equal- 
ly applicable to those of tomorrow. 

H. C. Sager, Manager of Sales, 
is available to discuss your specific 
application. Literature on request. 


Engineers with expe- 
rience in the above 
area may contact the 
Manager of Techni- 
cal Personnel at the 
address below. 
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Broadened team effort with University of California’s Lawrence Radiation Laboratory aims 
toward early feasibility demonstration of a nuclear ramjet reactor (Project PLUTO). 


A supersonic, low-altitude missile capable of weaving, 
feinting and dodging unobserved by conventional radar 
while seeking out selected targets —this is to be the 
mission of the Air Force’s proposed nuclear ramjet- 
powered vehicle of virtually infinite range. 

As an integral part of the team which is contributing 
to this country’s all-out race for supremacy in weapons, 
Marquardt is working with the University of Califor- 
nia’s Lawrence Radiation Laboratory on the nuclear 
ramjet program, known as Project PLUTO. 

Marquardt’s basic PLUTO effort concerns prelim- 
inary design of the nuclear ramjet and development 
of airborne reactor controls and other components 
for severe temperature and radiation environments. 
The multi-million dollar program supports a multi- 
phase corporate effort headed by the Nuclear Systems 
Division. 

Other aspects of Marquardt’s PLUTO effort include: 
support of LRL’s feasibility tests on the non-flyable 
Tory IIA reactor; design and fabrication of significant 


portions of the reactor’s control system, air ducts, flow 
instrumentation and remotely operated disconnects; 
fabrication and test of reactor core structural compo- 
nents; architect-engineering on the test air supply 
system; participation in a supporting program of 
environmental tests; and preliminary design of test 
facilities for full-scale power-plant development. 

Highlights of the Corporation’s other current nuclear 
programs include: exploration of both military and non- 
military applications for transportable reactors of 
advanced design, including their use for space power; 
development of the engine control system for the G-E 
nuclear turbojet; research studies of advanced space 
propulsion devices utilizing nuclear concepts; materials 
and processes work with molybdenum, other refractory 
metals and ceramics; and development of original 
nuclear instrumentation. 

For a copy of Marquardt’s new “Nuclear Systems” brochure, write 
to Mr. Aikman Armstrong, Chief Applications Engineer-Nuclear Systems, 
The Marquardt Corporation, Van Nuys, California. 


Marquardt Advanced Nuclear Systems for Air and Space 

x. 


— 


AIR 
EXHAUST 


NOZZLE 


Nuclear Systems Division of The Marquardt Cor- 
poration is engaged in a continuing search for 
engineers and scientists capable of contributing 
advances in nucleonics state-of-the-art. Current expan- 
sion within this division creates challenging oppor- 
tunities for: REACTOR PHYSICISTS * CERAMICISTS °* 
NUCLEAR ENGINEERS 

Qualified men are invited to contact: Mr. Floyd 
Hargiss, Manager, Professional Personnel, The Mar- 
quardt Corporation, 16555 Saticoy St., Van Nuys, Calif. 


NUCLEAR SYSTEMS DIVISION 


CORPORATION 
16555 SATICOY STREET, VAN NUYS, CALIFORNIA 


METALLURGISTS. 


ASTRO @ COOPER DEVELOPMENT DIVISION 
@ OGDEN DIVISION @ POMONA DIVISION 
@ POWER SYSTEMS GROUP 


CORPORATE OFFICES: VAN NUYS, CALIFORNIA 
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Mail bag 


More on the Moons of Mars 


Dear Sir, 

The hypothesis on the origin of the 
satellites of Mars which was recently ad- 
vanced by Dr. Shklovsky (December 1959 
Astronautics) has since become the sub- 
ject of a lively discussion. Arguments 
both in favor and against the hypothesis 
have been presented. These mainly deal 
with the essence of Dr. Shklovsky’s theory; 
namely, that no natural explanation is 
possible for the low density of these satel- 
lites. Apart from this, however, a few 
arguments were used which were more of 
an indirect nature. The writers of this 
letter propose to say a few words about 
these latter arguments first and then pro- 
ceed with the main subject of the hy- 
pothesis; that is, the low density. 

According to the interview, Dr. Shklov- 
sky finds it incomprehensible that the 
moons Phobos and Deimos move over 
nearly circular orbits, lying precisely in 
the equatorial plane, and takes this as 
evidence that the satellites must be artifi- 
cial. However, we feel that the circular 
orbit cannot be taken as an indication of 
their artificial origin, since many other 
satellites move in a nearly circular orbit. 
As far as the fact that they lie in the 
equatorial plane is concerned, we feel 
that this argument even supports the op- 


Pershing is shown in launch position 
on transporter-erector-launcher which 
makes it “shoot- and-scram” missile. 
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posite theory. From our own experience, 
we know that satellites in an inclined or- 
bit provide more information and, from a 
strategic point of view, are of more ad- 

vantage than those in an equatorial orbit. 
An orbit over the poles, for instance, 
would support the theory of artificial 
origin much more than an equatorial orbit. 

The two arguments put forward by 
Prof. Tombaugh against the Shklovsky 
hypothesis have been criticized by Prof. 
Singer, and the writers of this letter 
couldn’t improve on that criticism. Our 
present knowledge of life processes is so 
minute that the only safe standpoint is 
neither to assume nor dismiss the possi- 
bility of completely different 
with different instincts and rules, but ca- 

pable of putting a satellite in orbit. 

The fact remains however that accord- 
ing to Dr. Shklovsky’s calculations, Phobos 
must have a very low density. Even with 
Prof. Tombaugh’s correction, the density 
must be of the order of one-hundredth 
the density of water. Is it really impos- 
sible to explain this low density on a 
natural basis? On this point the writers 
of this letter have not been convinced 
at all by Dr. Shklovsky’s process of elimin- 
ation of possibilities. It is, for instance, 
possible that Phobos consists of a very 
porous substance, like pumice on earth. 
Pumice was formed when molten rock 


The versatile Pershing missile—de- 
signed to hit targets at ranges 20 to 
450 miles—successfully got off the 
ground at Cape Canaveral in its first 
attempt on February 25, bringing 
jubilation to the Army and The Mar- 
tin Co., the prime contractor. The 
dummy second stage carried weight 
equivalent to the fuel load that will 
be aboard on later firings. 

When operational, the “shoot-and- 
scram” missile will be transported to 
a firing site by a new type transporter- 
erector-launcher, positioned and fired 
in minutes, and then moved out 
again. Its “built-in” inertial guidance 
system is being tailored to resist en- 
emy jamming. The Pershing will 
eventually replace the Redstone. 

The Army has allocated $118 mil- 
lion during fiscal 1960 to Martin for 
continued R&D of the Pershing sys- 
tem. Working with Martin are 
Eclipse-Pioneer Div. of Bendix, re- 
sponsible for the guidance system 
Thiokol Chemical, first- and second- 
stage propulsion systems; Bulova 
R&D Lab., adaption kits; and Thomp- 
son Ramo Wooldridge, transporter- 
erector-launcher. 


with a high gas content under extremely 
high pressure was suddenly exposed to a 
very low (atmospheric) pressure. Since 
Mars itself has had very litle volcanic ac- 
tivity, the two moons must have been 
formed elsewhere. What is more natural 
than to assume that they were normal 
asteroids before they were captured in 
Mars’ gravitational field? This point of 
view seems to be supported by Prof. Tom- 
baugh’s reference to the albedo of as- 
teroids. 

The assumption of a porous body leads 
to a rather startling suggestion concerning 
the asteroids. If Phobos and Deimos 
once belonged to the group of asteroids 
and if they are indeed of a pumice-like 
nature, see they must at one stage have 
been under very high pressure. This 
could only be the case inside a planet 
with a crust. If this is true, then the 
asteroids are remnants of such a planet— 
the missing planet of Bode’s rule. 

At this stage, the writers of this letter 
hesitate to carry on; for it is only a small 
step to mere speculation. Only a catas- 
trophe could break up that planet into 
thousands of asteroids, some of them with 
a very low density. And by a similar 
process of elimination of possibilities, as 
used by Dr. Shklovsky, the authors arrive 
at the conclusion that this breakup could 
have no natural cause. Consequently, this 
planet was blown up (perhaps acciden- 
tally?) by intelligent beings, killing them- 
selves in the process. Thus indirectly the 
low density of the Martian moons does 
indicate the existence of intelligent life in 
the past. 


L. ABELS 
and KENNETH SIMONS 
Lachute, Quebec, Canada. 


We Can Explain 


Gentlemen: 

In the December 1959 issue of Astro- 
nautics, the final paragraph of the article 
titled “NASA—Age one” reads: 

“Despite its tribute to NASA’s organi- 
zational effort and a broad range of in- 
teresting laboratory work, the Inspection 
could leave you with the impression that 
a historical preoccupation with aerody- 
namics may be inhibiting progress on 
space systems. —J.N.” 

In the same issue, the final paragraph 
of the article titled ‘ ‘JPL’s new hyper- 
sonic wind tunnel” reads: 

“Altogether, the new hypersonic wind 
tunnel promises to keep JPL prominent in 
aerodynamics, and stands as a tribute to 
the foresight and institutional, strength of 

Galcit and its pioneers.—J.N 

Consistency, thy initials are certainly 

not J.N.! 


Davin E. REESE Jr. 
Palo Alto, Calif. 


There was no intention to appear in- 
consistent here, nor to imply that aero- 
dynamic studies are not important for 
supporting space-vehicle development. 
The only intimation was that the NASA 
Inspection could perhaps have shown 
more of the agency's planning and expec- 
tations for advanced propulsion and large 
payloads for space exploration.—Editor. 
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Universal Fluid Coupling and Expansion Joint 


FLEXIBILITY-PLUS 


in large high pressure missile and aircraft piping installations 


cso! 
ProMPONENTS DEPT. 


@ Qualified for missile 
and aircraft use 


@ No pressure limitation 


@ 1,200,000 life cycles 
without failure 


@ 1, weight of bellows 


@ Suitable for conventional 
and cryogenic fluids 


@ Smooth internal 
passageway 


@ No leakage 


@ Stands up to wide 
temperature extremes 


@ Currently used in 
Atlas ICBM 


Venturi shut-off valve 


For cryogenic, corrosive or con- 
ventional fluids. No larger than 
line section it replaces. No dy- 
namic seals. Working fluid ac- 
tuated. Cavitating or non-cavi- 
tating. 


Explosive actuated 
on-off valve 
For all liquids and gasses. Re- 
usable without disassembly or 
removal from line. 


1 
| 


An outstanding development 
in airborne system plumbing, Univer- 
sal Fluid Couplings permit axial, 
angular and rotational misalignment 
and withstand greater lateral dis- 
placement than any bellowscurrently 
available. They have been qualified 
for 5” and 9” lines. . . and are avail- 
able in line sizes from 4” to 24”. 


The Universal Fluid Coupling is 
typical of the advanced design and 
development capability of Reaction 
Motors—pioneer of rocket engines, 
missile components and ground sup- 
port equipment. Capabilities include 
ail facets of design, development 
and qualification tests. All phases of 
environmental and flow tests are 
performed with Reaction Motors 
own facilities. Wide experience in 
handling cryogenic, boron fuels, con- 
ventional fluids. Currently in pro- 
duction on huge (11”) ICBM cryo- 
genic and conventional valves, 
IRBM regulators, X-15 components 
and valves for classified projects. 


Production deliveries in 6 to 12 weeks! 


sponse, 


Pressure regulator 


For all gasses. Missile quali- 
fied, — 65°F operation, up to 
3000 SCFM. High 


dynamic re- 


Disconnect-Check valve 


For cryogenic, corrosive and 
conventional fluids. Missile 
qualified. Up to 11” line size 
(world’s largest flying valve). 
In production. Minimum pres- 
sure drop. 


4 


Components Department REACTION MOTORS DIVISION 


Ford Road, Denville, New Jersey 
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100 minutes 


in space... 


at zero 
altitude! 


Honeywell Dynamic Analyzer recreates authentic 


shoot environment, pinpoints design deficiencies 


The Honeywell Dynamic Analyzer will 
simulate actual flight conditions from 
sea level to extremely high altitudes 
which affect performance and reliability 
of aerospace systems. An integrated test 
facility, it brings together for the first 
time most of the conditions and phenom- 
ena that cause aerospace system break- 
downs. 


It will be independent of the weather, the 
availability of test vehicles and flight 
variables. And in many cases, the test 
data will be more reliable and valid than 
can be attained in flight testing. 


Areas of application include: reconnais- 
sance, guidance, power supply, and com- 
munication systems. Tests of complex 
systems which now might require more 
than a year to accomplish, will be tele- 
scoped down to several weeks. It will 
be possible to determine which operat- 


ing systems are detracting from overall 
performance, and to what degree. 

The first Dynamic Analyzer was con- 
ceived under the direction of the Aerial 
Reconnaissance Laboratory of the Wright 
Air Development Division, USAF. There, 
the fully instrumented analyzer will be 
housed in its cwn building. Capabilities 
include: high vacuum, high and low 
temperatures; three-directional vibration; 
roll, pitch and yaw motion; buffeting; 
rotation; target variations; controlled 
ground speed; reflected and transmitted 
signals. 

Honeywell was awarded the prime 
contract to develop and produce the 
analyzer on the basis of strong research 
and development capability. If you have 
problems in analysis, test or simulation, 
consider Honeywell's broad experience. 
Telephone or write: Honeywell, Military 
Products Group, Minneapolis 8, Minn. 


Honeywell 
Products. Group 
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For the record 


March 1—House space committee votes $915,000,000 —X-15 passes stress flight test. 
for NASA in fiscal 1961. : 
March 18—Princess Margaret of England commands 
—NASA creates bioastronautics unit, Office Pioneer V radio, receives answer from 1,040, 
of Life Sciences, headed by Clark T. Randt. 000 miles 25 sec later. 
—U.K. reports tests at Woomera of Blue Steel, March 22—A¥F fires Titan 5000 miles and recovers cap- 
a powered nuclear bomb, and Blue Water, oilie, 
short-range ballistic missile. 
March 23— II radiation-study satellite shot fails. 
March 3—First AF test of Minuteman airframe is suc- o On 
cess. March 24—AF cuts its request for Bomarc funds from 
$420,000,000 to $50,000,000. 
March 8—AEC restores $11,000,000 to Project Rover. § 7 
—Senate approves $23,000,000 supplement 
March 9—Navy fires Polaris 900 miles in successful for man-in-space program. 
test of flight control equipment. —Pioneer V signals received from 2,000,000 
—Army’s Nike-Zeus passes flight test. miles above earth. 
March 11—U. S. launches Pioneer V—a 94.8-lb arti- March 25—Polaris shot from underground tube travels 
ficial planetoid 26-in. in diam carrying five 900 miles. 
scientific experiments—on its way into a solar —DOD formally announces high priority fou 
orbit. 
Midas project. 


March 


March 15—AFCRC announces that new photography March 29—X-15 undergoes negative gravity and cold 
technique, used in 2-yr lunar project, has pro- soak tests. 
duced best maps of moon to date. —First Polaris fully guided flight from ship- 
—Army Redstone ejects miniature TV camera board falls short of target. 
which transmits pictures of its target area. ; 
pic March 30—Wernher von Braun, ABMA chief, says two 
March 17—NASA reports that Vanguard I orbit is being of Saturn’s first-stage engines have passed 


Night IR Aerial Photo 


13—Pioneer V transmits radio signals from a 
distance of more than 409,000 miles, breaking 
mark of 407,000 miles set by Pioneer IV. 


altered by solar rays. 


The month’s news in review 


March 26—AF X-15 tests move into second phase. 


March 28—Navy orders speedup in Polaris program. 


initial ground test. 


This infrared night aerial photo was made over Manhattan by an H.R.B. Singer Reconofax camera, originally developed rec 
for the photo reconnaissance lab of Wright-Patterson AFB. The recently declassified photo offers impressive evidence of 
the capability of IR for reconnaissance purposes. is 
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At00*00"01* GMT, May 1, 1960, Martin logged its 523,692,000th mile of space flight 


To keep the lonely vigil... Martin PM-1 air-portable nuclear 
reactor, to supply electricity and heat at remote Air Force stations, 


is now being developed and produced for the AEC. 
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THE NEW FORMULA IN ANTENNA SYSTEMS 


Nominal Gain 0g 
23 (telemetry 
(tracking) 
12 (commana) 
Broadbeam For Acquisition — Narrow Beam 
For Tracking. 
Broadband: 185-290 mcs at 2.5:1 maxir 
VSWR, 20 DB minimum gain. 
'@ More Effective Phase-Monopulse Track 
Polarization Flexibility: Bi- polarized 
(linear or circular) 
Economy in Initial Installation: Approximately 
¥3 cost of conventional design — may be erect: 
in less time and by using lighter tools. - 
Angular Diversity: Four squinted beams obtainat 


| FEATURES: 
| 
| 
| 
1 integrated SHE equals 
| 
| 
‘GB, GB ELECTRONICS CORPORATION 


Down where the lakes are only min- 
utes away and the sea shore’s just 
an hour’s drive, Martin engineers 
came up with what is called a “‘pilot’s 
missile”—the air-to-surface Bullpup. 
It requires no more special handling 
than a round of ammunition. It gives 
the biggest bang per dollar in U. S. 
missilery. 

Bullpup, operational with the 
Navy (GAM-83B in R&D with 
AF), was designed and developed at 
Martin in sunny Florida. Bullpups 
are now rolling off production lines 


MORE BANG 
PER DOLLAR FROM 
——_ THE LAND OF THE 

“SHELTERING PALMS 


for both the Navy and Air Force. 

Other Martin-Orlando prime con- 
tracts include: Lacrosse, Missile 
Master, and Pershing. 

We think Martin-Orlando is doing 
outstanding work because it has 
outstanding engineers and scientists 
. . . and because it has facilities 
second to none .. . and because the 
man who can swim or sail with his 
son in the evening brings renewed 
energy and purpose to his job. If you 
feel the same way about it, you’ll 
feel at home in Orlando. 


Write: C. H. Lang, Director of 
Employment, The Martin Company, 
Orlando 8, Florida, for a fully de- 
scriptive booklet, “Portrait of a 
Missile Maker.” 

CURRENT OPENINGS for engineers 
in these areas: ground and airborne 
electronics + advance design « systems 
* aerodynamics *¢ quality and test « reli- 
ability * electronic manufacturing .. . 


WORK IN THE CLIMATE OF ACHIEVEMENT 


MV £4 FET Pa 


Ree A & 
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TWO DECADES OF LEADERSHIP 
IN CRYOGENICS 


Pioneering in field of military oxygen and 
nitrogen liquefaction equipment for field 
operational use begun. Several new cryogenic 
processes were completed by 1945. 


Basic studies of superconductivity; 
invention of principle of cryogenic 
gyroscope (gyrostat).! 


Development and successful operation of 
gas-pressurized LOX and fuel-loading 
systems for Atlas, Titan, and Thor missiles.2 


Arthur | Little Inc. 


CAMBRIDGE, MASSACHUSETTS 
Chicago e San Francisco e New York e Washington 
Santa Monica e San Juan e Edinburgh e Zurich 


Copies of the literature below may be obtained from Director of Public Relations, 74 Acorn Park, 
Cambridge, Mass., or from ADL Santa Monica Engineering, 1424 Fourth Street, Santa Monica, California 


[] “Cryogenics — Fertile Fields Ahead,” A. Latham, Jr., D. C. Bowersock, and B. M. Bailey, Chemical and Engineering 
News, August, 1959 


[] Forces Acting on Superconductors in Magnetic Fields,” |. Simon, Journal of Applied Physics, July, 1952 


“Superconductivity and its Applications to Electric Circuits,’ H. O. McMahon, Symposium on the Role of Solid State 
Phenomena in Electric Circuits, 1957 


“The Handling of Cryogenic Fluids,” F, C. Ruccia, D. C. Bowersock, J. C. Burke et al, Proceedings, 1958 Cryogenic 
Engineering Conference. 


C] “A Study of the Hazards in Storage and Handling of Liquid Hydrogen,” L. H. Cassutt, F. E. Maddocks, and W. A, 
Sawyer, 1959 Cryogenic Engineering Conference. 


= “Test-Tube Titan,” J. R. Elliott, Barron's, December, 1959 


24 Astronautics / May 1960 


CC 

El 

by 

of 

Le 

Sai 

an 

k 
| 


COVER: A graphic presentation of “Space 
Electronic Systems,” the theme of this issue, 
by Mel Hunter, indicating some of the areas 
of exploration for tomorrow’s space vehicles. 
Left to right, the Sun in hydrogen light, 
Saturn, intergalactic space, Mars, the Moon, 
and Venus. (Full-cover ASTRO cover 
plaques, 11 x 12 in., are available from ARS 
Headquarters at $2.00 each.) 


Astronautics 


MAY 1960 


Regional Organization for the ARS 


Most of us are aware that it is difficult for the members of a large 
organization to communicate with one another. It is proposed by 
the ARS Membership Committee that in order to facilitate the flow 
of information (and to stimulate action!) among the Sections and 
officers that the members be grouped in geographical regions, each 
with an elected regional vice-president. 

Enthusiastic regional vice-presidents might act in many ways to 
help the Society. For example—by stimulating the formation of new 
Sections and the fission of overgrown older ones; by spearheading a 
strong appeal to students, who will be our future members; by im- 
proving public relations for local Chapters; by helping local Sections 
secure program material and visits from the national officers; and by 
acting as ambassadors for the Sections to transmit their special prob- 
lems to the national Board of Directors. 

Such regional vice-presidents would have ample scope to dem- 
onstrate their administrative talent and skill in delegation. They 
would function as a staff to the national president, attend Board 
meetings, and strengthen the efforts of the permanent secretariat. It 
would be possible for them to promote activities involving small 
groups of Sections which best serve their unique and disparate 
needs. Those Sections which had community of interest for geo- 
graphical reasons (as distinct from national specialist meetings ) 
might have regional meetings under the aegis of the appropriate 
vice-president. 

The Membership Committee suggests that a beginning be made 
with three regions—Pacific, Central, and Atlantic—with the possi- 
bility that these may be further subdivided in the future. It is 
further proposed that the vice-presidents representing these regions 
be elected next fall along with the other officers. As President, I in- 
vite comment and welcome suggestions from the membership con- 
cerning this proposal. Will you let me know your feelings? 


Howard S. Seifert 
President, AMERICAN ROCKET SOCIETY 
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Telebit—An integrated space navigation 


and communication system 


An outgrowth of the STL Explorer satellite and Pioneer space probe 


developments, Telebit integrates tracking, command, and telemetry 


functions in a flexible system tailored for space exploration 


By George E. Mueller 


SPACE TECHNOLOGY LABORATORIES, INC., LOS ANGELES, CALIF. 


George E. Mueller is vice-president of 
STL and associate director of its Re- 
search and Development Div., where 
one of his many concerns has been the 
Telebit system and its applications. 
The background to his 20 some years 
of research and engineering work in- 
clude a B.S. in electrical engineering 
from the Missouri School of Mines, an 
M.S. in electrical engineering from 
Purdue, graduate work in physics at 
Princeton, and a Ph.D. in physics from 
Ohio State Univ., where he served as 
a professor of electrical engineering 
for 10 years. More recently, Dr. 
Mueller was a consultant to the Ramo- 
Wooldridge Corp. The author of nu- 
merous technical publications, Dr. 
Mueller also has six patents in the 
electron-tube and antenna fields. 
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T HE GOAL of the Explorer VI satellite, the 143-lb paddlewheel or- 
bited Aug. 7, 1959, was twofold. Most importantly, it served to 
study the space environment about earth. But it also served as a 
test vehicle to evaluate techniques for ambitious interplanetary space 
probes, such as Pioneer V, launched into heliocentric orbit March 11. 

One of the principal systems tested by Explorer VI was the space 
navigation and communication system—Telebit, as it has been 
dubbed. This system, evolved from Pioneer I of 1958, performs 
three functions: Telemetry, tracking, and command. As we discuss 
the Telebit system here, we will give particular attention to the in- 
tegration of these essential functions into one system. 

A fundamental requirement for space exploration is the need to 
track the vehicle in space. Of almost equal importance are the 
needs to receive telemetered measurements and to control the opera- 
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Explorer VI Measurements 


Format for Explorer VI Telebit Communications 


Proportional Counter, high energy counts 


Proportional Counter, low energy counts 


Micrometeorite Counts 

Geiger-Mueller Tube 

lonization Chamber 

Scintillation Counter 

Magnetometer Amplitude 

Magnetometer Phase 

VLF Signal 

Paddle Outboard Front Temperature 
Paddle Outboard Back Temperature 
Paddle Inboard Front Temperature 

Shell Temperature: Forward Spin Axis 
Shell Temperature: Equator 

Shell Temperature: Lower Structure 
Test Solar Cell (without glass plate) Temperature 
Test Solar Cell Voltage 

Solar Cell Current Monitor 

Battery Voltage 

Transmitter and Heat Sink Temperature 
Converter and Heat Sink Temperature 


Receiver Phase Error 


Measurement Bit Number 
i 2 3 4 5 6 7 8 9 10 ii 12 
Frame synchronization 0 0 0 0 0 0 0 0 0 0 0 
128 64 32 16 8 4 2 i 
Proportional counter, high 1 1 
64 32 1 8 4 2 i 
Proportional counter, low 2 0 1 512 256 128 ° 
4 1 64 32 16 8 2 i 
Micrometeorite 3 0 i Low 
High Momentum Momentum 
512 25 128 64 32 16 8 4 2 1 
Geiger-Mueller counter 4 0 i 
51 25 128 4 32 16 8 4 2 1 
lonization chamber 5 1 
512 256 128 64 32 16 8 4 2 1 
Scintillation counter 1 
32 16 8 4 2 1 8 4 2 1 
Search-coil magnetometer 0 1 
Amplitude Phase 7 
32 1 8 | 4 8 4 2 1 
Flux-gate magnetometer 8 t') 1 6 2 i | 
Data Range 
3 16 8 4 2 1 0 0 ] 0 0 
VLF signal 9 0 i 2 | 
Data Unused 
3 16 8 4 2 1 8 4 | 2 1 
Subcommutated 10 i) 1 2 
Segment Identification 


Battery Temperature 


Test Temperature Control Disk Angle 


tion of the equipment. Normally, these functions 
have been separated in missiles and space vehicles, 
one system being used for guidance, another for 
telemetry, and a third for tracking. Explorer I, for 
example, carried transmitters at 108 and 108.03 mc, 
one unmodulated for tracking and the other modu- 
lated for telemetry. Sputniks I and II carried two 
transmitters at 20 and 40 mc. Every ballistic mis- 
sile launched from Cape Canaveral is bristling with 
separate systems for the performance of separate 
functions. 

Certain critical differences between space probes 


Principals in the most recent ex- 
periment with the Telebit com- 
munication and guidance sys- 
tem—left, Pioneer V, the probe 
launched March 11 into helio- 
centric orbit between Earth and 
Venus, and right, the Kaena 
Point tracking station in Hawaii, 
one of several which tracked the 
second U.S. artificial planet. 


Note: The appearance of a decimal value in this table indicates the value a "1" has for that bit number 
If, for example, word ! read 011000001000 its value would be 520 (512 + 8) 


and ballistic missiles show that it is possible to in- 
tegrate these systems into a single unit and that it is 
quite desirable to do so. 

For example, a ballistic-missile control system can 
operate only during the few minutes that the pro- 
pulsion system operates. During these minutes, the 
missile must be guided into a trajectory accurately 
enough to pinpoint a target thousands of miles 
away. For a space vehicle, however, the final guid- 
ance corrections may not need to be made until 
hours or days or even weeks after launch. In this 
case, we can guide (CONTINUED ON PAGE 88) 
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How good is the Lunik III photography? 


Selection of full-moon lighting indicates objective was to record 
maximum area without particular regard to quality . .. Ground reso- 


lution, estimated from close study of the photos, is about 30 miles 


ce By Merton E. Davies 


THE RAND CORP., SANTA MONICA, CALIF. 


a A PAPER presented at the 10th International Astronautical Con- 

gress in London last year, the author discussed a photographic 
system for obtaining high-quality pictures of the moon. Included 
| was a comparison of the surface detail yielded by astronomical 
. lunar photography with that afforded by conventional aerial photog- 
raphy. The release of Soviet pictures of the back side of the moon 
taken from Lunik III affords an opportunity to compare these 
photos with conventional, earth-originated photographs of the front 
side. 

According to the Soviet report, the Lunik vehicle was stabilized 
when it passed between the sun and the moon so that the optical 


Detail of Lunik III picture, indicating deviation from circle possibly 
resulting from error in re-assembly of line scan data. 


This edge deviates greatly from. 
circle defined by lower edge 


Mf. 


Merton E. Davies, a reconnaissance- 
systems engineer at Rand, is currently 
working in the Pentagon in Washing- 
ton, D.C., as a member of Rand’s 
f liaison staff with the Air Force. Pre- 
viously he was stationed in Santa 
Monica, and participated in studies of 
reconnaissance systems, with a view to 
Sa future military needs. After receiving 
an A.B. in mathematics from Stanford 
Univ. in 1938, he spent seven years 
with Douglas Aircraft, where he con- 
tributed to the development of mathe- 
matical lofting techniques for the de- 
sign of aircraft, and then, in 1947, 
joined Rand to take part in its missile 
and satellite research activities. Dav- 
ies is a member of ARS and the 
American Society of Photogrammetry. 
In 1958, he was a member of the air 
surveillance group at the Surprise 
Attack Conference at Geneva. 
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Lunik Ill Picture 


30-Mile Resolution 


70-Mile Resolution 


Comparison of Lunik III photograph with pictures of front side of moon reproduced at different ground 


resolutions. 


system was pointed at the moon, and then the cam- 
era was set in operation. The pictures were re- 
corded on 35-mm film, processed automatically, and 
the pictures then transmitted to earth by a readout 
device similar to ordinary television. 


Primary Objective 


The selection of full-moon lighting indicates that 
the primary objective was to record the maximum 
area of the unseen side without particular regard 
to quality. Side lighting, with accompanying 
shadows, would have yielded more surface detail at 
the expense of area coverage. However, full light- 
ing is an understandable choice for anyone trying 
to explore new territory, especially when the dis- 
coverer, as in this case, has the opportunity to name 
the newly found objects. Future flights will be in- 
strumented to obtain improved quality and to com- 


plete the exploration of man’s nearest neighbor. 

The released pictures have proved to be interest- 
ing from several viewpoints. The first impression 
is that the back side is less exciting and more mo- 
notonous than the well-studied front side. This is 
probably not true. Although there appear to be 
fewer seas on the back side, there is no reason to as- 
sume there are fewer craters, mountains, or other 
distinctive geological features. More likely, the 
combination of poor, flat lighting and low resolution 
has resulted in failure to record such details. After 
all, until Galileo and the introduction of the tele- 
scope, the lunar surface was not well understood, 
even though it had been studied for many thousands 
of years. 

The lack of gray scale in the pictures is probably 
due to losses incurred in the many intermediary 
steps involved in acquiring and assembling the end 
product. Perhaps more shading will be achieved on 
future releases. The (CONTINUED ON PAGE 112) 
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A solid-state UHF radar transponder 


Used with the Millstone radar, and employed in Transit and Tiros shots, 


it combines light-weight and low-power requirements with the ability to 


provide real-time tracking and orbit determination at very long ranges 


By Lincoln Cartledge, Mit LINCOLN LABORATORY, CAMBRIDGE, MASS. 


and G. Bradford Tiffany, THE MITRE CORP., CAMBRIDGE, MASS. 


|’ THE fall of 1957, a long-range UHF radar, located at Mill- 
stone Hill in Westford, Mass., was placed in operation by MIT’s 
Lincoln Laboratory. This radar, which has since become well 


known for its use in interplanetary and moon-bounce experi- “Ic 
ments, was originally intended for use in investigating new con- on 
cepts and components for long-range radars, and it was antici- 
pated that knowledge about the radar reflection characteristics qu 
of missiles and propagation phenomena could be gained by track- mi 
ing suitable vehicles. When the radar was developed, targets as 
at the high altitudes and long ranges under consideration were th 
practically nonexistent. tir 
The increased activity at Cape Canaveral in 1958 presented ra 
several opportunities to use the Millstone radar for tracking su 
various rockets. Good results could be obtained on the large al 


booster stages, but the second and third stages were too small to 
be tracked at very long ranges. Even at ranges where the 
Curtindes Tiffany second stage could have been tracked, the radar tended to stay 


Lincoln Cartledge has been a staff mem- 
ber of the Lincoln Laboratory for four 0 
years. After serving as a radio tech- 
ten Dewy Weld Ul, Block Diagram of Transistorized UHF Transponder 
he attended West Virginia Univ., where 1 
he received a B.S. in physics in 1950. 
His experience before coming to Lincoln 7 ( 
Labs was largely as a field engineer with 
Bendix Radio Div. and Raytheon. At 
Lincoln, he has participated in a variety 
of projects related to radar and com- 
munications. 


G. Bradford Tiffany was until recently a 
staff member of the Laboratory, where he 
was concerned with the development of 
display and data-transmission systems and 
high-power radar, and is now on the staff 
of the Mitre Corp. A 1947 graduate of 
Emerson College in Boston, Mass., he 
served immediately afterwards for a time 
as chief engineer of radio station WERS- 
FM in Boston, and then was with the 
Army Signal Corps at Fort Monmouth, | AMPLIFIER _| 

N.J., until he joined Lincoln Laboratory MoDILATOR “TROUIT | 
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Top and front views of the solid-state UHF radar transponder mounted on the Transit/Tiros payload adapter. 


“locked” onto the larger first stage, so that acquisition of the sec- 
ond stage when it separated from the booster was very difficult. 

About May 1958, Space Technology Laboratories (STL) re- 
quested tracking assistance on some nose-cone re-entry tests. A 
meeting was held at Lincoln Laboratory to discuss the radar 
aspects of this problem. It became painfully obvious that, al- 
though Millstone was the most powerful radar available at that 
time, it was not powerful enough to track targets as small at 
ranges as great as STL was contemplating. The meeting re- 
sulted in a recommendation that the vehicle to be tracked carry 
an active radar-tracking aid. 


Tracking Aids Are Old Stuff 


Active tracking aids are about as old as the radar art itself. 
One volume of the MIT Radiation Laboratory series is devoted 
to the subject. In fact, most, if not all, present missiles and satel- 
lites carry active tracking aids of one kind or another. These 
range from heavy microwave transponders to light and simple 
CW transmitters, which may double as telemetry transmitters. 
The former are often part of extremely accurate initial guidance or 
tracking systems. Because of this extreme accuracy, as well as 
limitations in the cooperating ground equipment, conventional 
beacons are usually too costly in weight and power to be carried 
on second or third stages. While the simple CW transmitters are 
small and light enough to be carried in the smaller satellites and 
powered by solar cells, their usefulness as real-time tracking aids 
is limited. 

What was needed was a system midway between these two ex- 
tremes. The Millstone Hill Radar had enough power and sen- 
sitivity to permit the use of a transponder with moderate cap- 
ability, and the use of such a transponder with the Millstone sys- 
tem would provide real-time tracking of small targets at very 
long ranges. (CONTINUED ON PAGE 114) 


The transponder system with the 
Navy’s experimental Transit satellite, 
which was expected to make a second 
try for orbit in April. 
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A recoverable 
interplanetary 


space probe 


The features of this automatic probe give a preview of second- 


generation electronic and electromechanical design approaches 


By Milton B. Trageser 


MASSACHUSETTS INSTITUTE OF TECHNOLOGY, CAMBRIDGE, MASS. 


Milton B. Trageser is a group leader 
in the Instrumentation Laboratory 
and a lecturer in the Department of 
Aeronautics and Astronautics of the 
Massachusetts Institute of Tech- 
nology. After receiving a B.S. in 
physics from MIT in 1951, he began 
his nine years of experience in the 
field of self-contained guidance and 
control systems at the Instrumentation 
Lab. He first worked on ball-bearing 
losses, thermal problems, and various 
mechanics problems related to the 
development of high-performance 
gyroscopes. Then he worked on iner- 
tial-guidance system synthesis, devel- 
opment, and testing on Spire and 
Spire Jr. navigation and bombing sys- 
tems and in the Laboratory’s inertial- 
guidance programs for the Atlas, Thor, 
and Titan weapon systems. His pri- 
mary effort during the past two years 
has been on interplanetary navigation 
and the preliminary design of a re- 
coverable interplanetary space probe. 
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: a ARTICLE describes some of the highlights of a preliminary de- 

sign for a space mission that has held the interest of a group of 
people at Massachusetts Institute of Technology for the last two 
years. As a matter of fact, the subject presented sufficient interest 
so that we experienced little difficulty in obtaining the enthusiastic 
collaboration of several other organizations in preparing a pre- 
liminary design—specifically, Avco Corp. on re-entry, MIT’s Lin- 
coln Laboratory on communications, and Thiokol’s Reaction Motors 
Div. on a small rocket for making navigational corrections. So, we 
are about to relate ideas and work of numerous individuals and sev- 
eral organizations. 

We envisioned a photographic reconnaissance of Mars or Venus by 
a refined probe which would guide itself close to the planet, train a 
camera on it and take one picture, and then, having passed the planet 
in a carefully planned manner, make a return trip to earth, where 
it would re-enter and be recovered. 

In planning this probe, we went into enough detail to appreciate 
all of the engineering problems associated with it as a representative 
of a second-generation space device; and we developed numerous 
ideas and techniques related to interplanetary space-probe opera- 
tion, reliability, guidance and control, telemetry, and other prob- 
lems that apply equally well to a variety of interplanetary ventures, 
including planetary impacts, satellites, and near passes. More- 
over, we decided to study the smallest, lightest, simplest, and, hope- 
fully, most reliable device which could circumnavigate the solar sys- 
tem and make a very creditable planetary reconnaissance. 

Let us look at such a probe first in terms of orbits. There are 
many types of round-trip, free-fall orbits to Mars or Venus, requiring 
different launch dates and velocities, trip times, and so forth. The 
illustrations on the opposite page show a typical low-energy, slow 
round trip to Mars. On June 17, 1962, a rocket boosts the probe 
to a velocity of 38,200 fps in a specified direction, and it proceeds 
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on a trajectory with apogee beyond the orbit of 
Mars. During the next 2.4 years, the vehicle goes 
around the sun more than one and one-half revolu- 
tions. Several navigational velocity corrections are 
made during this interval. On Nov. 17, 1964, the 
vehicle passes Mars at an altitude of 4690 miles 
and with a velocity of 11,390 fps relative to Mars at 
the closest approach. During the close passage, the 
gravitational field of Mars, of course, acts strongly 
on the vehicle. The large difference between the 
outbound and the inbound paths is a consequence 
of this effect. The return takes 0.8 years. This 
makes the round-trip time 3.2 years. In the return 
trip, the probe travels more than one-half revolution 
around the sun and re-enters the earth’s atmosphere 
with a velocity of 43,000 fps on Sept. 6, 1965. Sev- 
eral of these trajectories were studied, including 
ones to Venus and ones of shorter trip time. 

Interplanetary missions have stringent naviga- 
tional requirements. This is especially true of 
round-trip orbits, since a 100-mile error in planet- 
passing distance for the orbit just described causes 
a 60-fps velocity error after Mars has been passed. 
This error would cause an error of the order of mag- 
nitude of 100,000 miles in the return to earth if it 
were not corrected. 

We sought to solve this problem with a completely 
self-contained guidance system. The system has an 
optical instrument able to measure angles between 
pairs of celestial bodies—the sun, the planets, and the 
six brightest stars. To obtain a position fix, five or 
six geometrically strong angles between pairs of 
these bodies, as shown in the figure on page 116, are 
measured with an instrument having 10 in. arc rms 
error. To calculate the necessary velocity correc- 
tion, this fix data and data from the previous fix are 
combined with stored data in a probeborne digital 
computer. Correction is then made--with an. ac- 
curacy of 1 percent in magnitude and direction. 


Typical Velocity Corrections 


The table on page 118 gives a typical program of 
velocity corrections in the Mars round trip just de- 
scribed, based on these assumed errors (rms 
values ): 0.1 percent booster guidance error; 10 sec 
of arc-angle measurement errors; 1 part in 10° error 
in keeping time; and 1 percent error in applying 
velocity corrections. These values demand only a 
reasonable amount of propellant for navigational 
corrections. 

Two features in the tabulated data may surprise 
the reader. First, that the knowledge of time does 
not steadily get worse but actually reaches a maxi- 
mum error and then improves. This is a result of 
using a modest clock with errors of one part in 10° 
and of correcting it with the redundant fix data. 


3.2-Year Mars Trajectory 
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SUN TRACKER OBJECTIVE 


HIGH INTENSITY 
FLASHING LIGHT 
RECOVERY AID 

ELECTRONICS 


OBJECTIVE PORT 


COMPUTER TWO PODS 


IMPACT DETECTOR 


SEA WATER 
BATTERY 


ABLATION HEAT SHIELD 


ANTENNA FOR RADAR TRANSPONDER 


The time can actually be deduced from the celestial 
observations with a better accuracy than that re- 
sulting from the 0.1 hr per year clock error. The 
second feature of note is the smallness of the error 
in knowledge of the position at the destination based 
on a fix made one or several days earlier and having 
20 times this error. This results from the inaccuracy 
in the fix being primarily in range from the planet. 


Principal Features of Space Probe 


Now let us look at the probe itself. The dia- 
grams and tables on pages 34-35 describe its chief 
features. Subsystems include a general-purpose 
digital computer, electromechanical-optical equip- 
ment for navigation and attitude control, a micro- 
rocket for applying velocity corrections, a long-range 
communications transmitter for telemetry, a radar 
transponder for impact prediction, and a re-entry 
vehicle containing the camera and recovery aids. 

The attitude-control system normally holds the 
vehicle with its energy-collecting face toward the 
sun by using four small prism sensors with flywheels 
in a nonlinear closed loop. Reaction torques from 
accelerating these flywheels rotate the probe to 
hold these sensors toward the sun. The solar vanes 
are important components of the attitude-control 
system. By occasionally using solar-radiation pres- 
sure to apply torques on the vehicle, the average 
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ATTITUDE CONTROL WHEELS 
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MICRO ROCKET 
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FOUR SUN FINDERS 


CARBON DIOXIDE 


FOR PROPELLANT 
TANK PRESSURIZATION 


DIPOLES FOR LONG 
RANGE COMMUNICATION 


flywheel speeds are maintained close to zero. The 
low-average flywheel speeds result in very low long- 
term power requirements and much reduce the 
required life of wheel bearings. Further, this oc- 
casional torquing prevents the flywheels from be- 
coming saturated by other smaller torques acting 
on the probe for long periods of time. 

The second application of the attitude-control 
wheels is the training of the telescopes of the space 
sextant on their assigned targets. The sun tracker 
in this instrument is body-fixed in the probe. By 
operating the flywheels with the signals from the 
sun tracker, the sun tracker can be precisely aimed 
at the center of the sun. With the approximately 
known angle between the sun and a specified bright 
star or planet set into the precision drive between the 
sun tracker and the mobile tracker, a search is made 
about the sun by rotating the whole probe while 
tracking the sun with flywheels. When the second 
object is found in the field of the mobile tracker, 
the precision sextant drive is adjusted to measure 
accurately the angle between the sun and the star 
or planet. A body-fixed star tracker is also part of 
the space sextant. To measure the angle between 
a star and a planet, the probe is rotated using the 
attitude-control system together with the space-sex- 
tant drive so that this body-fixed tracker points at 
the previously located navigational star. Then the 
planet is found and the angle from the star to the 
planet is measured in the same manner that the 
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RYESPACE-PROBE DESIGN 


Normally Shady Face 


NORMALLY 
DIRECTION 
OF SUN 


STORAG 
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ANTENNAE FOR 
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star was found and was measured. 

The operation of all equipment is controlled by 
the general-purpose digital computer. Some un- 
usual techniques permit the reliable and efficient 
storage of a large program and allow the operation 
of this computer at various speeds with low-power 
requirements. In the standby mode of six operations 
per second, the computer requires only 10 mw. It 
controls all the accessories through three types of 
input-out devices, relays, transistor memory ele- 
ments, and a forward-backward counter. 


Microrocket Makes Correction 


Having made a navigational fix and reduced the 
data to obtain the necessary velocity correction, the 
vehicle makes this correction with its microrocket 
(1-lb-thrust) subsystem. The vehicle starts this op- 
eration by tracking the sun and a known naviga- 
tional star. Then, by counting flywheel revolu- 
tions, the vehicle is positioned so that the axis of 
its rocket is along the direction of the desired 
velocity change. The rocket is then fired. Solenoid 
actuators on the nozzle and two small control gyros 
in the electromechanical pod operate in nonlinear 
closed loop to maintain the vehicle on this desired 
heading. A small, unbalanced, watch-movement ac- 
celerometer in the electromechanical pod measures 
the resulting velocity change and provides the cutoff 
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signal for the rocket when the desired change has 
been completed. The 100 lb of hydrazine are suffi- 
cient for velocity corrections totaling more than 
2200 fps, and this is more than adequate for round- 
trip flights to Mars or Venus. 

After the correction is made, the energy-collect- 
ing face is turned toward the sun. On this face is 
a battery of solar cells (CONTINUED ON PAGE 116) 


Weight Analysis (Ib) of Recoverable Probe 


Structure and propellant tank 65 
Computer (two pods) 30 
Mechanical control components 

Space sextant 13 

Attitude-control mechanical components 7 
Electrical components 

Control electronics 20 

Communications 6 

Batteries 24 
Microrocket subassembly 

Monopropellant (hydrazine) 100 

pressurization 6 

Thrust-chamber assembly 10 
Re-entry Vehicle 

Camera 10 

Instrumentation, recovery aids 11 

Structure and head shield 26 
Miscellaneous 10 
Total 338 
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Television cameras 
for space exploration 


The marvelous eye of television begins to take a major role 


in satellite and space-probe reconnaissance, moon explora- 


tion, biological monitoring, and other space technologies 


By M. H. Mesner and J. R. Staniszewski 


RCA ASTRO-ELECTRONIC PRODUCTS DIV., PRINCETON, N.J. 


Staniszewski 


Mesner 


Max H. Mesner received a B.S.E.E. 
degree from the Univ. of Missouri in 
1940. That same year he joined the 
RCA Manufacturing Co. in Camden 
as a radio engineer assigned to air- 
borne radar equipment. In 1942, he 
went with the RCA Laboratories in 
Princeton, N. J., and there did re- 
search and development work on 
television cameras, studio equipment, 
and color TV receivers as well as stor- 
age and computer devices. Joining 
Astro-Electronic Products Div. upon 
its formation, he has been engaged in 
the development and design of TV 
cameras for satellite use, and is cur- 
rently the project engineer in charge 
of TV camera design for a satellite. 


J. R. Staniszewski received a B.S. de- 
gree in physics from the Carnegie 
Institute of Technology in 1950 and 
is currently doing graduate work at 
the Univ. of Pennsylvania. From 
1950 to 1953 he worked as a field 
engineer attached to the Military 
Assistance Advisory Group in the 
Netherlands, and then joined RCA’s 
Defense Electronics Products Div., 
working on design and development of 
automatic tracking circuits for Mod. II 
Shoran and closed-loop TV utilizing a 
sensitive image-orthicon. Recently his 
work has been on a miniature TV 
camera for use in space vehicles. 


Astronautics / May 1960 


F XPLORATIONS of outer space will be done with the use of tele- 

vision, which will extend man’s vision to these new frontiers 
without exposing his person to its dangers. Such cameras have 
been designed and tested to survive the space environment, and 
are ready to be used for space exploration. 

Examples of remote outer-space photography have already 
reached the public. Photographs of the earth and its cloud 
cover were made as early as 1954 from a V-2 rocket, and more 
recently from an Atlas, by including cameras aboard the rocket 
and recovering the film for processing. The unusual information 
garnered from these photographs confirms the desirability of 
incorporating television cameras in orbiting vehicles. For in- 
stance, a periodic coverage of the earth would supply valuable 
aids to the meteorologist, enabling him to make more accurate 
long-range weather forecasts. 

These experiments also emphasize the desirability of using 
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television in space vehicles for viewing distant 
planets from a closer position. In this area, designs, 
such as the Naval Ordnance Test Station (NOTS) 
and Space Technology Laboratories (STL) sensors 
for producing television-like images, were arranged 
for the Pioneer I and Pioneer III payloads. These 
sensors were designed to utilize the vehicle motions 
to accomplish both line and frame scanning with a 
single photosensitive element providing a video 
output. By expanding periods for scanning and 
transmitting a single low-resolution picture to two 
hours, bandwidth was reduced sufficiently to be 
accommodated by the microlock telemetry system. 
The effectiveness of these sensors was not estab- 
lished, however, because of system failures. 


Miniature TV Camera Offers Advantages 


A miniature television camera extends these ex- 
plorations a step further by offering high-resolution 
scene information at a cost of almost no additional 
instrument weight and a modest increase in trans- 
mitter power. In addition to the attractive features 
of a re-useable photosensitive surface, it also pos- 
sesses a high immunity to radiation effects and does 
not burden the designer with the recovery prob- 
lems which have made film processes so mechani- 
cally complex in space projects. 

There are a number of applications for the tele- 
vision camera which are of immediate interest. 
As previously noted, one of the most important of 
these is viewing the earth and its cloud cover from 
an orbiting vehicle to provide mapping informa- 
tion for weather forecasting. This is the purpose 
of the Tiros program, which will be described in 
a forthcoming issue of Astronautics. 

Also, before man is sent into space, animals will 
be used to study the physiological effects of the 
space environment. A television camera can pro- 
vide an excellent means for observing the reactions 
and health conditions of these animals. In a similar 
manner, television observations of man in space will 
provide the field of space medicine with an estima- 
tion of the physical condition of the Astronaut. 

The Stratoscope I balloon experiment, in which 
a television camera was used to point a large- 
aperture telescope for observing celestial bodies 
from outside the earth’s atmosphere, illustrates an- 
other potential use for television in space. In addi- 
tion, television techniques can be used for a direct 
view of the Moon, Mars, Venus, and other planets 
from optimum vantage points in space and send 
back close, detailed views of these celestial bodies. 
Without too much imagination, we can envision 
camera-bearing vehicles which would map Mars 
from an orbit or view the surface of Venus for the 
first time by orbiting (CONTINUED ON PAGE 126) 


A half-inch vidicon compared to three 1-in. vidicons. 


Space exploration camera for a lunar probe. 
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As indicated in this illustra- 
tion, masers may make possi- 
ble a means of measuring cur- 
vature of space, and thus pro- 
vide a verification of the Gen- 
eral Theory of Relativity. 
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Maser, lraser, and Laser 


Quantum electronics, in the form of low-noise amplifiers and atomic 


clocks, provide new tools for space and relativity experimentation 


Harold Lyons, head of the Atomic 
Physics Dept. of Hughes Research 
Laboratories, invented the world‘s first 
“atomic clock” in 1949 while at the 
National Bureau of Standards, where 
he was a physicist and chief of the mi- 
crowave standards section from 1941 
to 1955. His background includes a 
B.A. in physics, magna cum laude, 
from the Univ. of Buffalo in 1933, a 
Ph.D. in physics from the Univ. of 
Michigan in 1939, postdoctoral re- 
search at the Univ. of Michigan, and 
research at NRL before joining NBS. 
The recipient of numerous awards for 
his research and inventions, Dr. Lyons 
was honored last year for his invention 
of the atomic clock by the Franklin In- 
stitute, which cited “his work in pio- 
neering the development of clocks of 
very great precision based on the nat- 
ural periods of vibration of atoms and 
employing microwave _ techniques.” 
Dr. Lyons joined Hughes in 1955 and 
now, among many duties, directs its 
atomic clock project under a develop- 
ment contract from NASA. 
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By Harold Lyons 


HUGHES RESEARCH LABORATORIES, MALIBU, CALIF. 


i" RECENT years, the science and techniques of electronics have 
gone beyond the traditional use of free electrons and broached 
the investigation and use of electrons which are bound or captured. 
Instead of using electrons in thermionic emission, we put them to 
work while they are still bound to an atom or molecule or are con- 
fined with trillions of their fellows in the intricate latticework of a 
crystalline solid. Indeed, we even impress nuclei or whole atoms 
and molecules into the service of electronics. 

This revolution is often referred to as solid-state or molecular 
electronics. A better name might be quantum electronics, since it 
is often the quantum-mechanical properties which are of interest. 
Bound electrons exhibit exciting new properties as compared to 
free electrons. Typical quantum behavior is observed, as electrons 
can exist only in discrete energy levels or states in which they can 
store radiant energy. Transitions between suitable energy states 
are accompanied by the emission or absorption of energy at frequen- 
cies from radio to optical ranges analogous to the oscillations of a 
classical resonator. Atomic elements can be used which provide 
all circuit functions of resistance, inductance, and capacitance en- 
countered in ordinary electronics. 

Atomic circuit elements are particularly useful because they are 
all exactly alike, manufactured for us by nature. This favors their 
use when attempting work in the millimeter or higher bands—a spec- 
tral region as yet unconquered by conventional devices. By inco- 
herent methods of excitation, atomic systems can be made to store 
energy in stationary states and then deliver this energy as coherent 
radiation. 

This is a unique and most important property, one particularly 


a, 


use 

rac 

coc 

An 

en 

tiv 

of 
4 
th 

a 

| th 

| 

4 


useful in attempting to produce continuous-wave 
radiation in the infrared or optical regions. Atomic 
systems are very low in noise, since they can be 
cooled to low temperatures and have no shot noise. 
Amplifiers made with quantum systems which store 
energy can therefore have unprecedented sensi- 
tivity. The stored energy is released by the process 
of stimulated emission when the signal to be ampli- 
‘fied illuminates the atomic sample. This method 
of amplification was first developed by Gordon, 
Zeiger, and Townes, who called a device based on 
this principle a Maser, an acronym for “Microwave 
Amplification by Stimulated Emission of Radiation.” 
Similarly, we derive the words Iraser and Laser for 
the equivalent infrared and light (optical) devices. 


Two Distinct Classes of Masers 


Masers are divided into two distinct classes—those 
using atomic or molecular beams and those using 
solids. The beam types are most suitable as stable 
oscillators; the solid types make good amplifiers. 
The beam masers are also simpler, and so will be 
described first. 

According to quantum mechanics, an atomic 
system like a molecule can exist in any of a series 
of discrete energy levels, or states. The molecule 
can make transitions between these levels, absorb- 
ing energy in going to a higher level and emitting 
it when going to a lower. One way to cause transi- 
tions is by an interaction with radiation; that is, an 
electromagnetic wave can excite the molecule by 
losing energy to it in absorption or gaining energy 
from it in emission. In making a transition between 
two levels, the energy change A E = h v, where h 
is Planck’s constant and » is the frequency of the 


radiation absorbed or emitted. The transition can 
be thought of as equivalent to the resonance of a 
classical oscillator, the molecule being stimulated 
when the wave frequency is equal to its natural 
resonant frequency. 

The occurrence of absorption from the wave, or 
emission to it, depends on whether the molecule is 
in the lower or upper state of the transition in- 
volved. The probability of transition is exactly the 
same in both cases, so that normally a net absorp- 
tion occurs, because more molecules are in lower 
than in higher energy levels. 

In the ammonia maser, a net emission of power 
from the beam is desired. As this is impossible for 
a gas in thermal equilibrium, it is first necessary to 
get rid of the lower-state molecules. The focuser 
accomplishes this task. It consists of a set of 
charged wires or electrodes which set up an in- 
tense, nonuniform electric field which deflects the 
“good” and “bad” molecules in opposite directions. 
A maser gives almost 100 percent separation. 

After the emitting molecules in the maser beam 
enter the cavity, the thermal radiation in the cavity 
initiates emitting transitions by the process of stimu- 
lated emission. The molecules in the beam are 
forced to emit radiation in phase with the cavity 
wave. The resulting radiation is therefore ex- 
tremely monochromatic or coherent, all the power 
being generated in a very narrow frequency range 
with fractional width of about 10-'’—or one part in 
10 million million. This is the most coherent radia- 
tion ever produced, and is an indication of the 
noise-free character of maser action because of the 
lack of shot noise. Originally, the molecules ob- 
tained their energy by incoherent processes such as 
collisions, coming into thermal equilibrium by inter- 
action with their environ- (CONTINUED ON PAGE 100) 


Left, a small, X-band ruby 
maser developed at Hughes 
Research Laboratories. Cool- 
ed with liquid nitrogen to 
77.4 K, this maser has 15 
me gain-bandwidth product, 
which can perhaps be in- 
creased to 50 mc by use of a 
double cavity. Right, the 
maser apparatus removed 
from its case, showing ruby- 
filled cavity at the bottom of 
the waveguide and the small 
size of magnet required. 
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ARF physicist William Brennan, 
observing the preparation of sub- 
strate to receive a thin selenium 
film, takes on the materials-research 
scientist’s aura of modern Merlin. 


Space Age 
electronic 
materials 


Search for materials to meet the demands of space- 


flight moves into unexplored areas of solid-state physics 


and to the threshold of a new era in electronic design 


John W. Buttrey is supervisor of re- 
search in solid-state physics at Armour 
Research, which he joined as an asso- 
ciate physicist in 1953, upon comple- 
tion of his Ph.D. work at the Univ. 
of Missouri. Dr. Buttrey assumed 
his present position in 1956, and has 
since conducted and supervised pro- 
grams in semiconductors, small-angle 
X-ray diffraction, thin films, and other 
solid-state fields. His colleagues W. 
D. Brennan, E. A. Fagen, and R. J. 
Robinson of the ARF solid-state phys- 
ics group contributed to the discus- 
sion. 
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By John W. Buttrey 


ARMOUR RESEARCH FOUNDATION, CHICAGO, ILL. 


Nan as Sputnik I ushered in the Space Age in 1957, the inven- 
tion of the transistor in 1948 opened a new era in electronics. 
The transistor performed many electronic functions which at that 
time were possible only with vacuum tubes which had large power 
requirements for cathode heating and the attendant problem of 
heat dissipation; and it performed these functions as well as or bet- 
ter with negligible power and small size. 

Perhaps the most important function served by the invention of 
the transistor was to father a research effort that explained transistor 
action in the elemental semiconductor, germanium. This research 
has led to the use of germanium, and later silicon and other materials, 
in a myriad of solid-state electronic devices which allow partial or 
complete replacement of the electron tube in many electronic cir- 
cuits. More important, the understanding of the mechanisms in 
semiconductors led to a group of devices for which there was no 
vacuum-tube analog. 

Now, with the advent of high-speed flight and space travel, there 
is an ever-increasing demand for small devices and compact cir- 
cuits which will operate reliably over a wide range of conditions. 
The stringent restrictions on space and weight in the airborne elec- 
tronics which guide, detect, aim, and power modern vehicles have 
made the search for small and light weight electronics critical. 
Present materials, such as germanium and silicon, are proving in- 


adeq 
: W 
ones 
cuit 
forn 
then 
anisI 
plete 
| subj 
an sub] 
si 
sion 
bate 
Whe 
H 
abs¢ 
are 
con 
the 
: | kno 
ato 
of 
Suc 
up¢ 
I 
pu 
cry 
a tie 
ae th 
co 
ex 
th 
it 
ne 
ki 
tl 
p 
| it 
b 
n 


adequate for the job at hand. As a consequence, | 
the search for materials which will do special jobs 
is relentless and somewhat awesome in Semiconductor band gaps ond 
While semiconductor devices are not the only offs. ore calculated from 2. = 1.24/E 
ones which will play an important role in the cir- where microns end le in'elactron volts. 
cuit functions of the future, they will probably per- 
form a lion’s share of the work. Let us digress, | 
then, for a moment to look at the elementary mech- Xe 
anisms of semiconductor behavior. For a more com- — she gg j 
plete picture, there are several recent books on the inSb 0.16 7.75 
subject, which are listed at the end of this discus- ——— 300 
wa PbTe 0.22 5.64 
Te 0.36 3.44 
InAs 0.40 3.10 
What Comprises Ideal Semiconductor PbS 0.40 3.10 
PbSe 0.50 2.48 
GaSb 0.65 1.91 
A pure, ideal semiconductor can be pictured at GaSn 0.70 1.77 3 
absolute zero as being a material whose valence vt >aphe 2 
levels are completely filled but whose outer levels ~ 0.90 1.38 ' 
are completely empty. The valence levels are a Si 1.12 1.1 | 
continuum of levels and this continuum is called InP 1,25 0.993 
the valence band. The continuum of outer levels is GaAs 1.35 0.919 
known as the conduction band. The diagram on pany rh pon 
page 124 shows this structure. The two bands are AlSe 1.60 0.775 
separated by a region in which electrons find no al- ——_— 0.76 
lowed energy levels. Such a semiconductor is best Se 2.00 0.620 
exemplified by pure germanium or silicon. These inte 2.10 0.591 
materials, from the Group IV elements, have inter- a D: pag 
atomic bonding such that the four valence electrons 
of each atom are used in the binding arrangement. nene) 2.30 0.538 
Such electrons can become available for conduction Pthalocya- 2 
upon the absorption of a certain amount of energy nine 2.40 O17 
E,, indicated on the diagram. 
In these semiconductors, certain Group V_ im- s 2.50 0.496 
purities exhibit a loosely held “fifth” electron in the Se 2.50 0.496 
crystal lattice. This fifth electron becomes available ZnSe 2.60 0.477 
for conduction upon the absorption of a small Agl a pen 
amount of energy, corresponding on the diagram, 
page 124, to Ep. Such levels are known as “donors,” 5,6 N pyridino 
since they donate an electron to the conductivity. “1,9 benzan- 
The levels are discrete in space; that is, the impuri- throne 3.20 0.388 
ties are separated by many atomic distances, and 
there is no net transport of electrons in these levels ihc es 3.40 0.365 3 
when an electric field is applied. sic 3.50 0.354 3 
In addition to conduction by electrons, there is ZnS 3.70 0.335 
one other kind of conduction mechanism in semi- TiO: 3.70 0.935 
conductors. In intrinsic (pure) germanium, for 
example, when an electron has been excited into i i j 
the conduction band, and moves through the crystal, Phosphide 5.90 ne 
it leaves behind a deficiency of one electron, or a — 
net positive charge of one electron unit. This is | 
known as a “hole.” A hole has the ability to move a 
through the crystal, in a manner analogous to a ¢ 
positive electron. 
When an electron is excited from a donor level | 
into the conduction band, it leaves behind a hole, 
but this hole is trapped by the discreteness of the do- 
nor levels. There is also (CONTINUED ON PAGE 121) 
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X-15 operations: 
Electronics and the pilot 


Electronic equipment figures prominently in X-15 flight and 


ground systems, but this hypersonic vehicle is an instrument 


of the pilot, depending on him for control and flight success 


By Neil A. Armstrong 


NASA FLIGHT RESEARCH CENTER, EDWARDS AFB, CALIF. 


Neil A. Armstrong, a member of the 
X-15 pilot team, is an aeronautical re- 
search pilot and engineer at the 
NASA Flight Research Center at Ed- 
wards AFB, Calif. A former Naval 
aviator, he holds a B.S. degree in 
aeronautical engineering from Pur- 
due Univ., and has done graduate 
work at the Univ. of Southern Cali- 
fornia. For the past five years at the 
Flight Research Center, he has 
specialized in the operating problems 
of high-performance research aircraft, 
such as use of a pilot in the launch 
and injection of multistaged orbital 
vehicles and techniques necessary for 
the landing of very low lift to drag 
ratio aircraft. 
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(iho LONG-AWAITED first glide flight of the X-15 was successfully 
completed last June and was followed by the first powered flight 
last September. The first X-15 aircraft is now being operated by the 
NASA Flight Research Center at Edwards AFB, Calif. Two addi- 
tional aircraft are being operated by North American Aviation pend- 
ing completion of the contractor demonstration. The value of this 
type of research tool rests in its ability to expose itself to moderately 
high-performance flight regimes repeatedly and reliably. 

The X-15 electronic systems were planned to assure maximum 
utility and safety with the aircraft and to permit a maximum amount 
of research information to be recorded and presented in its most 
useful form. A review of the functions of the X-15 electronic sys- 
tems and their relation to the success of flights may prove valuable 
in the design and specification of future manned systems. 

The X-15 is, in concept, a self-contained data gatherer. Once 
dropped from its B-52 carrier, it is capable of rocket boost to a high- 
velocity, high-altitude zero-g trajectory of long duration, of re-entry 
at a wide range of flight conditions, and of performing a poweroff ap- 
proach and landing at the home station—Rogers Dry Lake at Ed- 
wards AFB. 

Although inner-loop damping augmentation is provided about all 
three aircraft axes, the vehicle is controlled exclusively by the pilot 
in the conventional fashion. The research measurements are re- 
corded on board the aircraft on oscillographs. Parameters of inter- 
est include those required for the analysis of aerodynamic and struc- 
tural heating, control at low dynamic pressure, and exit and re-entry. 

It was deemed advisable to fly the X-15 over an instrumented 
ground range in the interest of flight safety, maximizing data acquisi- 
tion and providing convenience in the general operation. The sub- 
sequent integration of this range (High Range) with the airborne 
procedures makes it appropriate to include a brief description of the 
ground range before discussing flight functions as such. 

High Range is basically a radar space-positioning and communica- 
tions net over the proposed trajectory of the research aircraft, as illus- 
trated on page 43. In addition, it includes equipment for telemetry 
monitoring, telemetry recording, and master timing for data correla- 
tion. As can be seen in the illustration, the range is a series of three 
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stations, including the master control at the NASA 
Flight Research Center. The range was located to 
minimize interference with civil airways and pro- 
vide suitable intermediate launching areas to per- 
mit a logical buildup of the flight program to the 
maximum performance flights. The radar equip- 
ment, constructed by the Reeves Instrument Corp., 
is a modification of the AFMTC Model II similar 
to that used on the Atlantic Missile Range. These 
automatic angle and range-tracking units operate 
on S-band and have 400-mile ranging-circuit cap- 
ability. The units are located to provide adequate 
overlap capability and omnidirectional tracking 
down to an altitude of 10,000 ft. 


Electronics in Actual Flight 


As to actual flight, some areas which incorporate 
electronics in a primary or secondary manner are 
flight-condition information, aircraft system-per- 
formance information, communications, and naviga- 
tion. 

Quantities of interest to the pilot, whether or not 
the aircraft is within or outside the sensible atmos- 
phere, include trajectory velocity, vertical velocity, 
altitude, precision pitch attitude (for re-entry), and 
attitude about all three axes. 


In addition, along-range and cross-range velocities 
are required for research data. Conventional pres- 
sure sensors and simple gyroscopes are not used be- 
cause they do not function adequately throughout 
the X-15 mission. Doppler and radio techniques 
were eliminated because of their attitude limitations 
and power and cooling requirements. The inertial- 
platform concept proved (CONTINUED ON PAGE 76) 


All-attitude-stabilized platform for X-15 inertial system, 
developed and built by Sperry Gyroscope. This unit 
weighs 55 lb, fits in 12 x 18-in. case. 
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The Mercury capsule’s tape re- 
corder (case removed), designed 
for operation in a pure oxygen 


atmosphere. 


Project 
Mercury 


tape recorder 


The unusual requirement of operation in a pure oxygen 


atmosphere paced development of this unique recorder 


G. W. “Wes’” Boyer is chief design en- 
gineer of CEC’s Datalab Div., re- 
sponsible for design of tape recorders. 
His broad experience in this field be- 
gan with tool design more than 20 
years ago. His first contact with 
magnetic tape products came in 1946 
with the government agency respon- 
sible for design and development of 
complicated cryptographic equipment, 
where his work led to a device used 
by all the services to send and receive 
secret messages by scrambling and 
reconstructing voice transmissions. 
From 1950 to 1956, when he joined 
CEC, he was with Vitro Corp., in 
charge of a design group serving as 
consultants to the Bureau of Ordnance 
on missile-launching systems, weapons, 
and countermeasures. He holds three 
patents in his own name and has five 
pending. 
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By G. W. Boyer 


CONSOLIDATED ELECTRODYNAMICS CORP., PASADENA, CALIF. 


| SAFETY of the Astronaut in a confined environment over which 

he has limited control and successful completion of the pro- 
grammed mission—these primary objectives of NASA’s Project 
Mercury imbue each individual design requirement in the program 
with exceptional significance. When, for instance, the Datalab Div. 
of Consolidated Electrodynamics Corp. received the contract to 
design, develop, and manufacture the tape recording system for the 
Mercury capsule last spring, we found these requirements would 
take us beyond the commonly thought of specifications for recorders. 

Advances in the state of the art, we believed, would assure a de- 
sign with excellent temperature, pressure, acceleration, and shock 
performance; and we had confidence that we could make the neces- 
sary strides in component miniaturization and production techniques 
to develop a small and reliable system. 

The stickler in the tape recorder development was the unusual re- 
quirement of operation in the 100-percent-oxygen atmosphere of the 
Mercury capsule. McDonnell Aircraft Corp., NASA’s prime con- 
tractor for the Mercury capsule, specified that all materials had to 
operate continuously for 24 hr in 100 percent oxygen at a pressure of 
5 psia without (1) producing irritating or objectionable odors, toxic 
gases, oxidation, or other chemical deterioration of the oxygen or (2) 
causing a spontaneous fire or explosion. 

Selection of materials was complicated by the fact that the re- 
corder will encounter high temperatures during launching and re- 
entry. The material chosen could not pollute the oxygen under high- 
temperature conditions (temperature range specified was —15 to 
200 F ), and had to retain structural strength or shape, even under 
10-g vibration from 5 to 2000 eps, continuous acceleration to 6 g 
along all axes, and shock to high g. 

Most metals could operate under the (CONTINUED ON PAGE 52) 
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Four of the participants in the NASA conference on lunar research answer questions from the press on the scientific 
importance of the moon. From left, Thomas Gold of Cornell Univ., Robert Jastrow of NASA, Harold C. Urey of the 
Univ. of California, and Harrison Brown of the California Institute of Technology. 


NASA lunar research conference 


Approaching lunar explorations stimulate new thought 


and lively scientific debate over mysteries of the moon 


By Robert Jastrow, Gordon J. E. MacDonald, and John A. O’Keefe 


NASA GODDARD SPACE FLIGHT CENTER, BELTSVILLE, MD. 


N ITS program to encourage lunar science, the Na- 
tional Aeronautics and Space Administration held 
a conference last winter in Washington on problems 
of lunar research and certain related topics in the 
physics of meteorites. The meeting was organized 
by the Theoretical Div. of the NASA Goddard Space 
Flight Center as one of a continuing series of semi- 
nars on current theoretical problems in the space 
sciences. The participants included a representa- 
tive national group of geologists and geophysicists 
and a number of astronomers, physicists, and chem- 
ists with an interest in the moon. As the study of 
lunar science is gaining momentum, we would like 
to bring the highlights of this conference to your at- 
tention. 


Origin of the Meteorites 


Harold C. Urey of the Univ. of California began 
the conference with arguments for the hypothesis 


that certain types of meteorites must come from an 
object such as the moon. According to Urey, it is 
significant that the cosmic-ray ages of the stoney 
meteorites are only some tens of millions of years, 
whereas the cosmic-ray ages of the iron meteorites 
run in the neighborhood of one billion years. The 
cosmic-ray age of a meteorite is obtained from the 
measurement of the ratio of Helium 3 to Helium 4 
in the meteorite, and is a measure of the time that 
this object has been bombarded by cosmic rays in 
space. Calculations by E. Opik of the Univ. of 
Maryland have demonstrated that an object moving 
in the asteroidal belt may be expected to collide 
with the earth in a time between some hundreds of 
millions and one billion years. On the other hand, 
a meteorite moving in an orbit near that of the earth 
is calculated to have a lifetime for collision with the 
earth of the order of only 10 million years. Opik’s 
results therefore tend to support the hypothesis that 
the iron meteorites (CONTINUED ON PAGE 72) 
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The Ambassador Hotel in Los Angeles, scene of 
the 1960 ARS Semi-Annual Meeting May 9-12. 


On to 
Los Angeles 


Semi-Annual Meeting, marking 30th anniversary of ARS, shapes up as 


one of the largest ever . . . 29 Technical Sessions planned . . . Seifert, 


Ostrander, Old to speak . . . Astronautical exposition a_ sellout 


ese YEARS Semi-Annual Meeting, scheduled for 
May 9-12 at the Ambassador Hotel in Los An- 
geles, will mark the 30th anniversary of the AMErI- 
cAN Rocker Society. Reflecting the Society’s 
growth during the past few years, the meeting will 
be the second largest in ARS history, exceeded in 
size only by the 1959 Annual Meeting, with 30 
Technical Sessions as against the 29 scheduled for 
Los Angeles. 

The preliminary program for the meeting lists 106 
unclassified paper titles and, with the additional 
papers still to be announced, the total could come 
close to the 132 unclassified papers presented at the 
Annual Meeting. 


Project Tiros Session 


Highlights of the meeting will be an all-day ses- 
sion on Project Tiros; a panel which will discuss the 
merits of launchers for mobile and hardbase missile 
installations; a classified session on the comparative 


LUNCHEON SPEAKERS 


capabilities of liquid and solid rocket engines; and 
an evening session on latest events in spaceflight. 
An invitation has again been extended to the Soviet 
Union to send representatives to the meeting and 
present papers at different sessions. 

Luncheon addresses will also be a focal point of 
interest. ARS President Howard S. Seifert will 
speak at the Monday luncheon; on Tuesday, the 
newly appointed director of the NASA Office of 
Launch Vehicle Programs, Maj. Gen. Donald 
Ostrander, will speak; while Bruce S. Old, vice- 
president of Arthur D. Little, will speak on “Penta- 
gon for Progress” at the Wednesday luncheon. The 
latter is an outgrowth of the ADL survey of research 
programs. 

In addition to the technical presentations at the 
meeting, there will also be another sellout Astro- 
nautical Exposition with exhibits from 64 companies 
(see pages 48—49) and another in the highly success- 
ful series of ARS Marketing Symposiums. 

The complete program for the Semi-Annual 
Meeting appears on the following pages. 


Howard Seifert Maj. Gen. D. Ostrander Bruce S. Old 
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SUNDAY, MAY 8 


6:00-8:00 p.m. Cocoanut Grove 


(Admission by registration badge) 
Mixer 


Sponsored by the ARS Corporate Members 
listed on page 50 under heading Reception. 


MONDAY, MAY 9 


Hypersonics 


9:00 a.m. Colonial Room 


Chairman: Alfred J. Eggers, National Aero- 
nautics and Space Administration, Ames 
Research Center, Mountain View, Calif. 

4Shock Wave and Flow Field Development 
in Hypersonic Re-Entry, Ronald F. Prob- 
stein, Brown Univ., Providence, R.I. 
(1110-60) 

¢4Similarity Solutions for Inviscid Hyper- 
sonic Flow Over Slender Power Law and 
Related Bodies, Harold Mirels, National 
Aeronautics and Space Administration, 
Lewis Research Center, Cleveland, Ohio. 
(1111-60) 

4Three Dimensional Inviscid Hypersonic 
Flow, Richard Scheuing, Grumman Air- 
craft Engineering Corp., Bethpage, N.Y. 
(1112-60) 


Missiles and Space Vehicles 


9:00 a.m. Cocoanut Grove 
Chairman: Richard De Lauer, Space Tech- 
nology Laboratories, Los Angeles, Calif. 
+Optimum of 24-Hour Equatorial Orhit, 
A Fuil and H. Brahm, Space Technology 
Laboratories, Los Angeles, Calif. (1120-60) 

+Lunar Landing Vehicle Requirements 
J. R. Wrobel, and R. R. Breshears, Jet 
Propulsion Laboratory, Pasadena, Calif. 
(1121-60) 

+Problems Associated with Multiple Starts 
of Space Craft, W. F. Radcliffe and J. R. 
Transue, Convair-Astronautics, San Diego, 
Calif. (1122-60) 

+High-Energy Propellant Comparisons for 
Space Missions. R. V. Burry J. Jortner, 
and J. K. Rosemary, Rocketdyne, North 
American Aviation, Inc., Canoga Park, 
Calif. (1123-60) 


Lunar Exploration 
9:00 a.m. 


Chairman: Herbert Friedman, U.S. Naval 
Research Laboratory, Washington, D. C. 


+Survey of Current Knowledge of the Moon, 
Robert Jastrow, National Aeronautics and 
Space Administration, Washington, D. C. 
(1114-60) 

+Vehicle Requirements for Lunar Explora- 
tion, Ernst Stuhlinger, Army Ballistic 
Missile Agency, Huntsville, Ala. (1115-60) 

Surface Structure and Composition of the 
Moon, J. R. Arnold, Univ. of California, 
La Jolla, Calif. (1117-60) 

+Lunar Seismological Experiment, Frank 
Press, California Institute of Technology, 
Seismological Laboratory, Pasadena, Calif. 
(1118-60) 

+Experiments Related to the Internal Struc- 
tures of the Moon, J. G. F. MacDonald, 
National Aeronautics and Space Adminis- 
tration, Washington, D.C. (1119-60) 


Embassy Room 


Human Factors Considerations 
in Maintainability and Trouble Shooting 
9:00 a.m. 
Chairman: Stan Deutsch, Douglas Aircraft 
Co., Santa Monica, Calif. 
+The Role of Man in the Maintenance of 
Earth Satellites, David Meister, Convair- 
Astronautics, San Diego, Calif. (1214-60) 
#Space-Borne Maintenance of Electronic 


Venetian Room 


Equipment Compared with Current Pro- 
cedures for Maintaining Airborne Elec- 
tronics Equipment, Richard W. Highland, 
Hughes Aircraft Co., Culver City, Calif. 
(1215-60) 

+Monitoring of Dynamic Status of Ad- 
vanced Space Vehicle Displays, Rutledge 
L. Jay, Douglas Aircraft Co., Santa 
Monica, Calif. (1216-60) 

Evaluation of an Experimental 
Shooting Guide, John Whittenburg, Hu- 
man Sciences Research, Washington, D.C. 
(1217-60) 

Maintaining Space Vehicles, Nicholas A. 
Bond, Dunlap & Associates, Santa Monica, 
Calif. (1218-60) 


Luncheon 


12:30 p.m. Cocoanut Grove 


Toastmaster: William L. Rogers, President, 
ARS Southern California Section. 

Speaker: Howard S. Seifert, President, 
AMERICAN ROCKET SOCIETY. 


Human Factors 


2:30 p.m. Cocoanut Grove 


Chairman: Laurel van der Wal, Space 
Technology Laboratories, Los Angeles, 
Calif. 

Vice-Chairman: A. Bialecki, Electric Boat 
Div., General Dynamics Corp., Groton, 
Conn. 

Submarine Air Revitalization, A. Bialecki, 
Electric Boat Div., General Dynamics 
Corp., Groton, Conn. (1223-60) 

Normal Environment in Airborne Labora- 
tories, Lt. Comdr. Victor Prather, Office 
of Naval Research, Washington, D.C. 
(1224-60) 

¢#Some Practical Reliability Problems in 
Recoverable Bio-Satellite Instrumentation, 
Capt. Bruce Pinc, Air Force Ballistic 
Missile Div., Bio-astronautics Directorate, 
Los Angeles, Calif. (1225-60) 

Design and Maintainability of the Able- 
Baker Capsules, W. G. Kistler, Army 
Ballistic Missile Agency, Bioastronautics 
Research Office, Huntsville, Ala. (1226-60) 

+ Life Support Systems for the Lunar Base, 
James G. Gaume, The Martin Co., Denver, 
Colo. (1227-60) 


Ion and Plasma Propulsion 
2:30 p.m. 


Co-Chairmen: Rolf Buhler, Giannini Plas- 
madyne Corp., Santa Ana, Calif., and 
Nathan W. Snyder, Advanced Research 
Projects Agency, Washington, D.C. 

+ Voltage-Current Characteristics of Tung- 
sten Electrodes in Cesium Vapor, L. H. 
Stauffer, General Electric Engineering 
Laboratory, Schenectady, N. Y. (1124-60) 

Design and Performance of Small Model 
Ton Engines, G. R. Brewer, J. k. Etter, and 
J. R. Anderson, Hughes Research Labora- 
tories, Culver City, Calif. (1125-60) 

#NASA Experimental Research with Ion 
Rockets, E. E. Dangle and D. L. Lock- 
wood, Lewis Research Center, National 
Aeronautics and Space Administration, 
Cleveland, Ohio. (1126-60) 

Experimental Studies of Cesium Ion 
Rocket Performance, R. N. Edwards, P. E 
Jasper, G. Kuskevies, and R. A. Scheffer, 
Flight Propulsion Laboratory, General 
Electrie Co., Cincinnati, Ohio. (1127-60) 


Venetian Room 


Hypersonics 


2:30 p.m. Embassy Room 


Chairman: George E. Solomon, Space Tech- 
nology Laboratories, Los Angeles, Calif. 
Recent Soviet Work in Hypersonic Flow 
Theory, Wallace D. Hayes, Princeton 

Univ., Princeton, N.J. (1129-60) 


+ Aerodynamic Stability at Ultra-High Alti- 
tude, S. A. Schaaf, G. J. Maslach, G. 
Maulic, and M. Chahine, Univ. of Cali- 
fornia, Berkeley, Calif. (1130-60) 

+Recent Hypersonic Studies of Wings and 
Bodies, Mitchel H. Bertram and Arthur 
Henderson Jr., National Aeronautics and 
Space Administration, Langley Research 
Center, Va. (1131-60) 

+High Temperature Rarefied Ultra-High 
Mach Number Flow Over a Flat Plate, 
Henry T. Nagamatsu and R. E. Sheer Jr., 
General Electric Research Laboratory, 
Schenectady, N.Y. (1132-60) 


Propellants and Combustion 


2:30 p.m. 


Chairman: Melvin Gerstein, Lewis Research 
Center, National Aeronautics and Space 
Administration, Cleveland, Ohio. 


Colonial Room 


+The Catalytic Decomposition of Am- 
monium Perchlorate, A. Hermoni and A. 
Salmon, Technion, Israel Institute of 
Technology, Haifa Israel. (1107-60) 

+On the Importance of Combustion-Cham- 
ber Geometry in High-Frequency Oscilla- 
tions in Rocket Motors, J. R. Osborn and 
J. M. Bonnell, Purdue Univ., Lafayette, 
Ind. (1108-60) 

+A Two-Wavelength Interferometric Tech- 
nique for the Study of Heat and Mass 
Transfer of Combustible Liquids, M. M. 
El-Wakil, Univ. of Wisconsin, Madison, 
Wis. (1109-60) 


Latest Events in Spaceflight 


8:00 p.m. Embassy Room 


Chairman: Homer E. Newell Jr., National 
Aeronautics and Space Administration, 
Washington, D.C. 

This session will be devoted to a review and 
discussion of the latest scientific determina- 
tions made from data gathered by current 
satellites. rockets, and probes—U.S. and 
Soviet. 


TUESDAY, MAY 10 


Magnetohydrodynamics 


9:00 a.m. Cocoanut Grove 


Chairman: Joseph Neuringer, Republic 
Aviation Corp., Farmingdale, N.Y. 

Heat Transfer and Skin Friction in Mag- 
netohydrodynamic Channel Flow, F. D. 
Hains, Boeing Airplane Co., Seattle, 
Wash. (1138-60) 

+On the Magnetogasdynamics of Compres- 
sible Vortices, James E. McCune and 
Coleman Du P. Donaldson, Aeronautical 
tesearch Associates of Princeton, Ine., 
Princeton, N.J. (1139-60) 

¢On Hydro-Electromagnetic, Osman 
Mawardi, Massachusetts Institute of 
Technology, Cambridge, Mass. (1140-60) 

+ Electro-Gas-Dynamical Considerations of 
a Pulse Plasma-Pinch Engine, Alfred 
Kunen, William Mellroy, William Guman, 
and Irving Granet, Republic Aviation 
Corp., Farmingdale, L.I., N.Y. (1141-60) 


Instrumentation for Combustion Stability 
Research 


9:00 a.m. Colonial Room 


Chairman: John E. Witherspoon, Rocket- 
dyne, North American Aviation, Inc., 
Canoga Park, Calif. 

¢+Instrumentation for Research on Combus- 
tion Instability in Solid Propellant Rocket 
Motors, F. W. Spaid and Ellis M. Lands- 
baum, Jet Propulsion Laboratory, Cali- 
fornia Institute of Technology, Pasadena, 
Calif. (1162-60) 

#Some Instrumentation for Combustion 
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Stability Research, J. R. Osborn, Purdue Rocket Systems, J. A. Bottorff, Aerojet- | @ e a an 
Univ., Lafayette, Ind. (1163-60) General Corp., Azusa, Calif. (1148-60) 

+An Integrated Combustion Instability Re- #Some Aspects of Liquid Rocket Engine 
cording and Analysis Installation, H. B. Developments in France, George J. Delval, 2 ° | © ° 16 
Jones Jr., Princeton Univ., Princeton, Societe d’Etude de la Propulsion par Re- > is 20” ie 2a 
N.J. (1164-60) action, Villejuif (Seine), France. (1149-60) ‘ 

High-Frequency Pressure Instrumentation +A New Concept in Rocket Exhaust Noz- : 
for Rocket Instability Studies, S. W. zles, G. V. R. Rao, Rocketdyne, Canoga Se E 
Baker, Aerojet-General Corp., Azusa, Park, Calif. (1150-60) 

Calif. (1165-60) Experiments in Improving Individual Mo- 
+Instrumentation for Studies of Unstable bility Through Rocket Power, Alex Bohr, 
Burning Phenomena in Double Base Pro- Reaction Motors Div., Thiokol Chemical ENTRANCE 
pellants, G. W. Reissig and T. A. Angelus, Corp., Denville, N. J. (1151-60) 
Allegany Ballistics Laboratory, Hercules 
Powder Co., Cumberland, Md. (1166-60) Luncheon 
12:30 p.m. Cocoanut Grove 
Hypersonics Toastmaster: Kurt Stehling, Head of Group, 
Rocket Vehicles Division, National Aero- Defense Analyses, Advanced Research 
9:00 a.m. Venetian Room — & Space Administration, Washing- Projects Div., Washington, D.C. 

Chairman: Henry T. Nagamatsu, General +Propulsion by Composite Beams of Nega- 
Electric Research Laboratory, Schenec- — bls ot Seek Wee Oe. tive and Positive Ions, M. H. Gilleo and 
tady, N.Y., and Rensselaer Polytechnic Nati S. W. Kash, Lockheed Missile Systems 

+ Dissociation Effects Upon the Compres- Effect of Electrode Refraction Ton 
sible Turbulent Boundary Layer Skin Support Equipment for Mobile and Hard Beam Collimation, G. C. Baldwin, Gen- 
Friction and Heat Transfer, William H. Launchers eral Electric Engineering Laboratory, 
Dorrance, Convair Scientific Research (Panel-- Secret) Electrodes 

Mass Injection Effect on the Hypersonic 2:30 p.m. Embassy Room J.-S, Luce, Oak Ridge eon Laboratory, 
Interaction Problem, Ting Y. Li, Rens- Chairman: Robert Kendall, Arthur D. Little, Oak Ridge, Tenn, (1159-60) _ : : 
selaer Polytechnic Institute, Troy, N.Y. Inc., Cambridge, Mass. +Space-Charge Measurements ae Expanding 
(1144-60) Moderator: Frederick C. Durant III, Aveo Ion Beams, J. M. Sellen and H. Shelton, 

+The Aerothermodynamics of Long Re- Research and Advanced Development, Ramo ) ooldridge Div., Thompson Ramo 
Entry Trails, Madeleine and Robert Wilmington, Mass. aan Inc., Canoga Park, Calif. 
Hard Base Launch Fac ilities in Relation ¢Neutralization Experiments on Broad 

y, South Bend, Ind. (1145-60) to the Titan Missile Program, H. L. Cox, Cesi aS 5 Shalt adJ.M 

Measured Pressure Distribution and Local The Martin Co., Denver, Colo. 
Heat Transfer Rates for Flow Over Con- +Ground Support Equipment Considera- 
cave Hemispheres, C Y. Koh and J. is tions for Railroad Type Mobile ICBM Calif. (1161-60) ia il ia 
Hartnett, Univ. of Minnesota, Minne- System, F. A. Jendrick, Boeing Airplane os 
apolis, Minn. (1146-60) Co., Seattle, Wash. 

+Ground Support Aspects of a Submarine Solid Rockets 
she istic Missile, W. A. Fi 
Liquid Rocket Engines Launched Ballistic Missile, W. A. Fiedler 2:30 p.m. Cocoanut Grove 


9:00 a.m. Embassy Room 


Chairman: Charles H. King Jr., Pratt & 
Whitney Aircraft, United Aircraft Corp., 
United, Fla. 

Electrical Power from Rockets, John H. 
Huth, The Rand Corp., Santa Monica, 
Calif. (1147-60) 

Ultra-Low Chamber 


Pressure Chemical 
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Lockheed Missile Systems Div., Sunnyvale, 
Calif. 

Support Equipment for the Air Launched 
Ballistic Missile, Garland Osborn, Doug- 
las Aircraft Co., Santa Monica, Calif. 

Electrostatic Propulsion 
2:30 p.m. Venetian Room 


Chairman: Nathan W. Snyder, Institute for 


Chairman: H. L. Thackwell Jr., Grand Cen- 


tral Rocket Co., Redlands, Calif. 
Vice-Chairman: 


Leonard Piasecki, Jet Pro- 


pulsion Laboratory, California Institute of 


Technology, Pasadena, Calif. 


The Hybrid Rocket Motor and Its Unique 


Capabilities, John Gustavson, 
Central Rocket Co., Redlands, 
(1167-60) 
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+Thrust Vector Control Nozzles for Solid- 
Propellant Engines, F. J. Rechin, Thomp- 
son Ramo Wooldridge Corp., Cleveland, 
Ohio. (1168-60) 

+The Design of Movable Nozzles, KE. J. 
Hayes and 8S. F. Watanabe, Kelsey-Hayes 
Co., Detroit, Mich. (1169-60) 

+Temperature Gradients Across Solid Pro- 
pellant Rocket Grains, J. C. Shumacher 
and J. H. Wilson, Jet Propulsion Labora- 
tory, California Institute of Technology, 
Pasadena, Calif. (1170-60) 

+ Design and Flight-Test of Missile Powered 
by a Gimballed Motor, R. J. Blalock, 
Chance Vought Aircraft, Ine., Dallas, Tex. 
(1171-60) 


Marketing Symposium 


3:30 p.m. Colonial Room 


Capabilities of Liquid and Solid Rocket 
Propellant Engines 
(Panel—Secret) 


8:00 p.m. Embassy Room 


Chairman: Y.C. Lee, Aerojet-General Corp., 

Azusa, Calif. 

Paul R. Vogt, Rocketdyne, a division of 
North American Aviation, Inc., Canoga 
Park, Calif.; John C. Moise, Aerojet-Gen- 
eral Corp., Sacramento, Calif.; Richard B. 
Canright, Douglas Aircraft Co., Santa 
Moniea, Calif.; Joseph W. Wiggins, Thiokol 
Chemical Corp., Redstone Arsenal, Ala.; 
H. L. Thackwell, Grand Central Rocket Co., 
Redlands, Calif.; Ernest R. Roberts, Aerojet- 
General Corp., Sacramento, Calif. 


WEDNESDAY, MAY 11 


Guidance and Navigation 


9:00 a.m. Cocoanut Grove 

Chairman: Donald P. LeGalley, Space 
Technology Laboratories, Los Angeles, 
Calif. 


Vice-Chairman: Robert J. Parks, Jet Pro- 
pulsion Laboratory, Pasadena, Calif. 

Rudimentary Launch Guidance Methods 
for Space Missions, C. J. Pfeiffer, Jet 


Propulsion Laboratory, Pasadena, Calif. 
(1172-60) 

+Propagation of Errors in a Schuler-Type 
Inertial Navigation System, Joseph G. 
Gurley, Hughes Aircraft’ Corp., Culver 
City, Calif. (1173-60) 

On the Adequacy of ICBM Guidance Capa- 
bility for a Mars Launch, William N. 
Spence, Nortronics Div., Northrop Corp., 
Hawthorne, Calif. (1174-60) 

+Evaluation of Precision Gyros for Space- 
Boost Guidance Applications, L. K. Jensen 
and B. H. Evans, Space Technology Lab- 
oratories, Los Angeles, Calif. (1175-60) 

An Investigation of a Terminal Guidance 
System for a Satellite Rendezvous, Neil J. 
Miemi, Chrysler Missile Div., Detroit, 
Mich. (1176-60) ‘ 


Power Systems 


9:00 a.m. Venetian Room 


Chairman: Eugene B. Zwick, Sundstrand 
Turbo Div., Pacoima, Calif. 

+A Review of WADD Solar Power Pro- 
grams, William C. Savage, Wright Air 
Development Div., Wright-Patterson AFB 
Ohio. (1177-60) 

¢Internal Design Considerations for Cavity- 
Type Solar Absorbers, Charles W. Stephens 
and Alan Haire, Electro-Optical Systems, 
Ine., Pasadena, Calif. (1178-60) 

An Analysis of Mirror Accuracy Require- 
ments for Solar Powerplants, David Sil- 
vern, Sundstrand Turbo Div., Pacoima, 
Calif. (1179-60) 

Photochemistry and Space-Power Genera- 
tion, James R. Pitts, Univ. of California, 
Riverside, Calif., and David Margerum, 
Sundstrand Turbo Div., Pacoima, Calif. 
(1180-60) 


Space Observation Systems 

9:00 a.m. 

Chairman: Sidney Sternberg, Radio Cor- 
poration of America, Princeton, N.J. 

Tiros Meteorological Satellite, Sidney 

Sternberg, Radio Corp. of America, Prince- 

ton, N.J., and W. G. Stroud, National 


Embassy Room 


Aeronautics and Space Administration 
Washington, D.C. (1181-60) 

¢#Some Results Sought from Meteorological 
Satellite Systems, Sigmund Fritz, Dept. of 
Commerce, U.S. Weather Bureau, Wash- 
ington, D.C. (1182-60) 

+Operations and Control Equipment of 
Tiros-1 Meteoro ogical Satellite, E. A. 
Goldberg and V. D. Landon, Radio Corp. 
of America, Princeton, N.J. (1183-60) 

+ Aspects of Global Surveillance, J. Douglas 
Sailor, Lockheed Aircraft Corp., Sunny- 
vale, Calif. (1185-60) 

Design Consideration for an Orbiting As- 
tronomical Observatory, William C. Trip- 
lett, Ames Research Center, Moffet Field, 
Calif. (1184-60) 

+Scientific Experiments for Space Probes 
near the Earth, Mars, and Venus, Marcia 
Neugebauer, Jet Propulsion Laboratory, 
Pasadena, Calif. (1195-60) 


Underwater Propulsion 


9:00 a.m. Colonial Room 


Chairman: Charles S. Sanders, Bureau of 
Naval Weapons, Dept. of the Navy, 
Washington, D.C. 

Vice-Chairman: Herman E. ‘sheets, General 
Dynamics Corp., Groton, Conn. 

#Hydrodynamics and Propulsion of Sub- 
merged Bodies, George F. Wisclicenus, 
The Pennsylvania State University, Uni- 
versity Park, Pa. (1186-60) 

Factors Influencing the Size and Weight of 
Underwater Vehicles, Robert C. Brumfield, 
U.S. Naval Ordnance Test Station, Pasa- 
dena, Calif. (1187-60) 

¢#Some Aspects of Underwater Jet Propul- 
sion Systems, Calvin A. Gongwer, Aerojet- 
General Corp., Azusa, Calif. (1188-60) 

+An Introduction to the Selection of High 
Performing Propellants for Torpedoes, 
Leonard Greiner, Experiment, Inc., Rich- 
mond, Va. (1189-60) 


Luncheon 


12:30 p.m. Cocoanut Grove 


Toastmaster. Tom B. Carvey Jr., General 
Chairman, ARS Semi-Annual Meeting. 
Speaker Bruce S. Old, Vice-President, 
Arthur D. Little, Inc., Cambridge, Mass 

Subject ‘‘Pentagon for Progress.” 


Space Observation Systems 


2:00 p.m. Embassy Room 


Chairman Sidney Sternberg, Radio Cor- 
poration of America, Princeton, N.J. 

+Limitations on Satellite Spotting from 
Space Platforms, A. Robinson, Douglas 
Aireraft Co., El Segundo, Calif. (1142-60) 

¢Observations for Lunar Landing Vehicles, 
H. Hartbaum, ABMA, Huntsville, Ala. 
(1213-60) 

Photography of the Moon From Space, 
Amrom H. Katz, The Rand Corp., Santa 
Monica, Calif. (1196-60) 

¢#Lunar Observation Systems, Paul L. 
Wickham, Missile Development  Div., 
North American Aviation Inc., Downey, 
Calif. (1197-60) 

¢Error Analysis Considerations for a Sat- 
ellite Rendezvous, William Duke, et al., 
Space Technology Laboratories, Los An- 
geles, Calif. (1918-60) 

+Electrostatic Tape Camera for Scientific 
Satellite Inspection, S. Spaulding, Radio 
Corp. of America, Princeton, N.J. (1199- 
60) 


Space Law and Sociology 
2:30 p.m. 


Chairman: James S. Hanrahan, Chief, His- 
toric Div., AFMDC, Holloman AFB, N.M. 
Vice-Chairman: Andrew G. Haley, General 


Colonial Room 
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Counsel, AMERICAN RockKET SOcIETY, 
Washington, D. C. 

+The Transformation from Aviation to 
Aerospace in Industry: Economic Implica- 
cations of the Age of Space, Dr. David 
Bushnell, AFDMC, Holloman AFB, N.M. 
(1190-60) 

#The Negative Reactions to the Age of 
Space, James S. Hanrahan, AFDMC, 
Holloman AFB, N.M. (1191-60) 

+The Extraordinary Administrative Radio 
Conference of 1963 to Allocate Frequency 
Bands for Space Radio-Communication 
Purposes, Andrew G. Haley, General 
Counsel, AMERICAN RockKET Society, 
Washington, D.C. (1192-60) 

+The Sociology of Power Technology and 
Its Implications in the Space Age, William 
C. Lawton, Univ. of Arizona, Tucson, Ariz. 
(1193-60) 

Law and the Political Setting, Howard J. 
Taubenfield, Golden Gate College, San 
Francisco, Calif. (1194-60) 


Power Systems 
2:30 p.m. 


Chairman: Eugene B. Zwick, Sundstrand 
Turbo Div., Pacoima, Calif. 

+Meteoroids Ve sus Space Vehicles, Robert 
Bjork, The Rand Corp., Santa Monica, 
Calif. (1200-60) 

+#Conversion of Heat to Electricity in Solids 
and Plasmas, Werner Teutsch, General 
Atomics, Div. of General Dynamics Corp., 
San Diego, Calif. (1201-60) 

+Analysis and Design of Partial Admission 
Axial Impulse Turbines, Hans D. Linehardt, 
and D. H. Silvern, Sundstrand Turbo 
Div., Pacoima, Calif. (1202-60) 

+The Snap-11 Nuclear Space Power, Joseph 
R. Wetch, Donald J. Cockeram, and 
Herman M. Dieckamp, Atomics Interna- 
tional, Div. of North American Aviation, 
Inc., Downey, Calif. (1203-60) 


Venetian Room 


Nuclear Propulsion 
Instrumentation and Conirols 


2:30 p.m. 


Chairman: A. R. Crocker, General Electric 
Co., Idaho Falls, Idaho. 

Vice-Chairman: Andrew Koonce, Los Ala- 
mos Scientific Labs., Los Alamos, N.M. 
+Evaluation of Kiwi A Instrumentation 
System, Bryant L. Hanson, Edgerton 
Germeshausen and Grier, Inc., Las Vegas, 

Nev. (1204-60) 

+ Project Rover Static Test Instrumentation, 
Percival Gates, Edgerton Germeshausen 
and Grier, Inc., Las Vegas, Nev. (1205-60) 

Radiation Effects Data Acquisition Sys- 
tem, D. G. Egan, Convair, Fort Worth, 
Tex. (1206-60) 

+Tory 11-A Instrument System, C. Barnett, 
H. MeDonald, and P. Uthe, Univ. of 
California Lawrence Radiation Labora- 
tory, Livermore, Calif. (1207-60) 

+Tory 11-A Reactor Control System De- 
velopments, Robert E. Finnigan, Univ. of 
California Lawrence Radiation Labora- 
tory, Livermore, Calif. (1208-60) 


Cocoanut Grove 


Reception 
6:00 p.m. 


(For those holding banquet tickets) 


Poolside 


Sponsored by the following ARS Corporate 
Members: Aeroscience, Ine.; American 
Potash & Chemical Corp.; Coleman Engi- 
neering Co., Inc.; Convair-Pamona; Doug- 
las Aircraft Co., Inc.; The Firestone Tire & 
Rubber Co; The Garrett Corp; Genisco, 
Inc.; Giannini Plasmadyne Corp.; Grand 
Central Rocket Co.; Hoffman Electronics 
Corp.; Hughes Aircraft Co.; Hughes Tool 
Co.; Lockheed Aircraft Corp.; The Mar- 
quardt Corp.; North American Aviation, 
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Ine.; Pacific Automation Products, Ince.; 
The Ralph M. Parsons Co.; Robbins Avia- 
tion, Inc.; Servomechanisms, Inc.; Space 
Technology Laboratories, Inc.; Telecomput- 
ing Corp; H. I. Thompson Fiber Glass Co.; 
Thompson Ramo Wooldridge, Inc.; Western 
Gear Corp., Wyle Laboratories. 


30th Anniversary Banquet 
7:00 p.m. 


Toastmaster: G. Edward Pendray, Found- 
ing Member, and Past President, AMERICAN 
Rocket Society. 


Embassy Room 


Thursday, May 12 


Nuclear Propulsion 
9:00 a.m. 


Chairman: Raemer Schreiber, Los Alamos 
Scientific Laboratory, Los Alamos, N.M. 

+Fluidized Solids as a Nuclear Fuel for 
Rocket Propulsion, L. P. Hatch, W. H. 
Regan, and J. R. Powell, Brookhaven 
National Laboratory, Upton, N.Y. (1209- 
60) 

+Rocket Propulsion with Nuclear Power, 
E. L. Resler Jr. and N. Rott, Cornell Univ., 
Ithaca, N.Y. (1210-60) 

+Reactor Heat Removal Limitation for 
Nuclear Rockets, G. Yasui, Lockheed Mis- 
sile and Space Div., Sunnyvale, Calif. 
(1211-60) 

#The Combo Space Propulsion System— 
Feasibility Study, David L. Cochran, Aero- 
jet-General Nucleonics, San Ramon, Calif. 
(1212-60) 


Embassy Room 


Astrodynamics 


9:00 a.m. Venetian Room 


Chairman: Louis G. Walters, Aeronutronic, 
A Div. of Ford Motor Co., Newport Beach, 
Calif. 

+A General Survey of the Problem of Op- 
timizing Flight Paths of Aircraft and 
Missiles, Angelo Miele, Boeing Scientific 
Research Laboratory, Boeing Airplane 
Co., Seattle, Wash. (1219-60) 

4Orbit Determination from Range and 
Range-Rate Data, Robert M. L. Baker Jr., 
Ballistic Missile Div., Air Research and 
Development Command, Angeles, 
Calif. (1220-60) 

Artificial Earth Satellite—A New 
Geodetic Tool, Bruce C. Murray, Air 
Force Cambridge Research Center, Air 
Research and Development Command, 
Bedford, Mass. (1221-60) 

Motion of an Orbiting Vehicle About Its 
Mass Center Due to the Gravity Gradient, 
J. P. King, Jr., General Electric Co., Missile 
and Space Vehicle Dept., Philadelphia, Pa. 
(1222-60) 


Astrodynamics 
2:30 p.m. Venetian Room 


Chairman: Robert M. L. Baker Jr., Ballistic 
Missile Div., Air Research and Develop- 
ment Command, Los Angeles, Calif. 

#Propulsion Requirements for Controllable 
Satellites, Theodore N. Edelbaum, United 
Aircraft Corp., Research Dept., East Hart- 
ford, Conn. (1228-60) 

+The Station Keeping Implications of an 
Artificial Satellite, Paul E. Koskela, 
Lawrence Nicola, and Louis G. Walters, 
Aeronutronic, a Div. of Ford Motor Co., 
Newport Beach, Calif. (1229-60) 

Gradient Theory of Optimal Flight Paths, 
Henry J. Kelly, Grumman Aircraft Engi- 
neering Corp., Bethpage, N.Y. (1230-60) 

+Planar Motors About an Oblate Planet, 
Maurice L. Anthony and George E. Fos- 
dick, The Martin Co., Denver, Colo. 
(1231-60) 


+The Choice of Unperturbed Orbit in the 
Use of Encke’s Method for the Effects of 
Oblateness and Drag, Norman S. Hall and 
H. G. Gawlowicz, Defense Systems Dept., 
General Electric Co., Syracuse, N.Y, 
(1232-60) 


Education 


2:30 p.m. Colonial Room 


Chairman: F. C. Lindvall, California Instj- 
tute of Technology, Pasadena, Calif. 

+A Philosophy of an Engineering Curricu- 
lum for Undergraduates, L. M. K. Boelter, 
Univ. of California, Los Angeles, Calif, 
(1233-60) 

+Mathematics as a Liberal Art, Scott 
Buchanan, Fund for the Republic, Santa 
Barbara, Calif. (1234-60) 

+The Role of Analysis and Synthesis in 
Undergraduate Engineering Curriculum, 
Andrew A. Fejer, Illinois Institute of 
Technology, Chicago, Ill. (1235-60) 

+The Demands on Breadth of E. E. Cur- 
riculum, John G. Truxall, Polytechnic 
Institute of Brooklyn, Brooklyn, N.Y, 
(1237-60) 

+The Role of Engineering Analysis Courses 
in Engineering Education, D. W. ver 
Planck, General Atomic Div. of General 
Dynamics Corp., San Diego, Calif. (1238- 
60) 


FRIDAY, MAY 13 


Field Trips 
No. 1 8:00 a.m. 


Edwards AFB Rocket Test Center 
(Secret) 


The visit will include a tour of the Edwards 
Air Force Base Rocket Test Center including 
the Minuteman silo, the large-scale thrust 
stand, a special environmental test stand, 
and certain other component test facilities. 

Scheduled for return at 4:30 p.m. The 
trip will be limited to 160 members. 

Transportation: $2.25 


No. 2 8:15 a.m. 


Rocketdyne Field Laboratory 

The visit will include a tour of the North 
American Aviation Santa Susana test labora- 
tory. Experimental firings of varius com- 
ponents are planned and a full-scale engine 
firing will be included if possible. Scheduled 
for return by 1:00 p.m. This visit will be 

unclassified but is limited to 160 people. 
Transportation: $1.25 


No. 3 8:30 a.m. 
North American Aviation, Inc. 
B-70 Mockup 
(Secret) 


Visit will include a tour of the full-scale 
B-70 mockup and secondary exhibits. A 
brief presentation will be given on the capa- 
bilities of the B-70 as a missile launching 
platform. An advanced manufacturing 
techniques display is also included. 

Return by noon. The trip will be limited 
to 160 members. 

Transportation: $1.25 


SPECIAL FIELD TRIPS AND LADIES 
PROGRAM 
Monday, May 9 
Tour A (Ladies Only) 12:00 noon 
Fashion Show and Luncheon 


Bullock’s Wilshire will feature the latest in 
summer fashions (location within walking 
distance of the Ambassador). 

Cost, including luncheon: $3:00 


(CONTINUED ON PAGE 68) 
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Mercury Tape Recorder 
(CONTINUED FROM PAGE 44) 


conditions specified. McDonnell Air- 
craft cautioned, however, that rubber- 
stamped part numbers, identification 
paints or dyes (even on rivets and 
bolts), or pressure-sensitive identifi- 
cation tapes could not be used and 
that all metal parts had to be vapor-de- 
greased. 

On the other hand, nonmetallic and 
nonceramic materials were a problem. 
Most manufacturers had specifications 
of the effect of temperature, but had 
not tested materials in a 100 percent 
atmosphere, a condition they had prob- 
ably not anticipated. 

McDonnell’s materials and_ proc- 
esses engineering group had_ con- 
ducted tests to determine objection- 
able-odor, toxicity, oxidation-resist- 
ance, and spontaneous-fire character- 
istics of various materials at tempera- 
tures of 160, 250, 300, and 400 F, and 
they made available their evaluations, 
which identified approved materials. 

In many cases, however, the special- 
ized demands of accurate tape record- 
ing in the stipulated environment or 
unusual operating conditions created 
by the recorder itself eliminated cer- 
tain basic materials that passed Mc- 
Donnell’s tests. 

A factor on which no information 
was available was the effect of pure 
oxygen on the parts and materials of 
the recorder equipment. This Data- 
lab had to explore in its own research 
and testing program. 


Major Problem Area 


One major problem area that would 
not have arisen in extreme environ- 
mental operation without the oxygen 
atmosphere involved the common mo- 
tors used to drive capstans and reels. 

By running a 28-v DC motor con- 
tinuously for two days in a bag inflated 
with pure oxygen, we confirmed, as 
suspected, that the motor emitted 
ozone, which could not be tolerated, 
but that the unusual amount of oxygen 
did not cause brush wear or arcing of 
governor contacts. In fact, the motor 
was reassembled after a teardown in- 
spection, and run for another 700 hr. 

As it was, the motor could easily be 
isolated to prevent ozone from con- 
taminating the capsule’s oxygen. The 
real problem came from the effect of 
the ozone on the nonmetallic materials 
in drive belts that had to share this 
isolation. For instance, neoprene and 
polyethylene in various combinations 
with other rubber or petrochemical 
products were affected by the ozone 
concentration that would build up. 
Also, various other materials were 
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known either to be inadequate at high 
temperature or not to maintain the pre- 
cise length needed for accurate drive 
of the recorder reels. 

The materials that finally proved 
adequate were nylon webbing impreg- 
nated with silicone rubber which vul- 
canized at room temperature. The ny- 
lon resisted stretch and the impregna- 
tion exhibited the required compati- 
bility with the environment. The 
drive belts, which have been made by 
hand, are */ in. wide and 4 in. long. 
They retain their length within 0.015 
in. The belts that were not in the 
motor encapsulation, and were not 
subjected to ozone, were made of dac- 
ron and neoprene. 

During the search for a material for 
the two covers that shield the tape re- 
corder, each possible thermoset plastic 
was eliminated. Some materials that 
in themselves did not tend to start 
fires or explosions, such as polyesters, 
proved to burn quite easily. Other 
materials failed when tested somewhat 
above the 200 F temperature. (To 
insure reliability, Datalab allowed a 
safety factor in its own specifications. ) 
Phenolic and glass cured at 450 F 
were eliminated because tooling and 
fabrication techniques would have in- 
volved late delivery. 


Above, the recorder with case absent 
and one reel off reveals transistorized 
recording electronics, encapsulated 
motor, and pulley box. Production 
units do not have an open pulley box, 
as shown here in this experimental 
model. Below, the encased recorder, 
which weighs 12 Ib. 


After testing all thermoset plastics, 
it was finally decided to settle on a 
ductile aluminum alloy, Tens-50, 
formed by a vendor under license from 
North American Aviation. All metal 
parts were anodized for corrosion 
resistance. 

This metal cover and all metal parts 
in the recorder had to be painted. The 
selection of paint created still more 
problems. Baked and air-dry silicones 
were specified by the contractor, but 
the heat-treated cast magnesium 
framework of the recorder warped and 
annealed at the 500 F temperature re- 
quired to cure the paint. Moreover, 
air-dry silicone exhibited poor qualities 
of abrasion resistance. Air-dry sili- 
cone was taken at first; but as a result 
of Datalab’s further research and test- 
ing, McDonnell approved epoxy paint, 
which has now proved satisfactory in 
all respects. Printed circuit boards 
have been dipped in epoxy so that the 
components will not come into contact 
with the oxygen atmosphere. 

All materials that might pollute the 
Astronaut’s precious atmosphere were 
thoroughly tested. At the same time, 
engineers were making imaginative 
use of approved materials and metals 
to develop a recorder that would ex- 
hibit greatest strength, recording ac- 
curacy, and reliability in the smallest 
possible package. 

As to mechanical design, a major 
innovation was a “sandwich” construc- 
tion: Takeup and supply reels were 
mounted on opposite sides of a main 
magnesium casting. Magnesium was 
chosen because it is more rigid than 
aluminum, besides being lighter. 


Sandwich Design Advantages 


The sandwich design offered several 
major advantages: 

1. In addition to a package with 
smaller dimensions from the top view, 
the sandwich design actually made 
possible a thinner and lighter pack- 
age. This is because the capstan mo- 
tor, which is the longest component in 
the assembly, could be placed parallel 
to the top and bottom surfaces. 

2. Its short coupled reel support 
had less tendency to bend under dy- 
namic conditions. 

3. It eliminated counterrotating reel 
shafts; smaller reel shafts could be 
used, resulting in reduced bearing 
sizes and proportionately less friction. 

4. It made possible the use of hol- 
low 4-in.-diam reel hubs for packaging 
reel-drive and brake mechanisms. In 
conventional recorders, with reels ad- 
jacent to each other, the hub area can- 
not be utilized for this purpose. 

An initial concept was to couple the 
capstan drive motor (governed at 10,- 
000 rpm) to a precision speed reducer 
which would then drive the two cap- 
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CONSOLIDATED SYSTEMS 


1500 So. Shamrock Ave., Monrovia, California 


These technical brochures describe 
systems developed for the space age by 

Consolidated Systems Corporation. 
All are operating systems...on the job 
today...producing data in space age 


applications where time and 
performance are critical. 


Read about them. Circle the 
brochures that interest you, jot your 
name and address on the margin 

of this page and mail to CSC. 


New! Consolidated’s mass spectrometers designed to 

support system analyze elements in outer space... ground data logging 

system for supersonic aircraft. Write for full information. 


CORPORATION 


A SUBSIDIARY OF 
CEC/Belle Howell 
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stans_ differentially. During tests, 
however, the speed reducer exhibited 
a slight backlash which contributed to 
flutter under dynamic conditions. 
This led to designing a three-stage re- 
duction pulley box, utilizing belts. In 
this design, the normal speed of 1 7/, 
ips can be changed to 15 ips by chang- 


ing belts. The pulley arrangement 
gives efficiencies better than 95 per- 
cent at 1 7/, ips. Wow and flutter 
under dynamic conditions are as low 
as 1 percent peak-to-peak at 1 7/g ips. 

Two motors are used—a capstan 
drive and a reel drive. The reel motor 
is identical to the capstan motor except 


Stepping Stones to Space 


Lined up outside Rocketdyne’s Canoga Park factory, these 
thrust chambers tell a story of a decade’s progress toward 


million-Ib-thrust liquid engines for space vehicles. 


From 


left, chambers for 75,000-lb-thrust Redstone, 150,000-Ib- 
thrust Jupiter, 60,000-Ib-thrust Atlas (sustainer), 150,000- 
Ib-thrust Thor, and 400,000-lb-thrust E-1 applied-research 


engine. 


Rocketdyne engineers static-fired the first large 


engine (over 50,000 lb thrust) of this family successfully 
on March 2, 1950, in its then rudimentary Santa Susana 


facilities. 


Letter Symbols for 
Rocket Propulsion 


“American Standard Letter Symbols 
for Rocket Propulsion” (Y10.14-1959) 
is now available at $1.50 a copy from 
the American Standards Association, 
70 E. 45th St., New York, N.Y., or 
from ASME, 29 W. 39 St., New York 
8, N.Y. 


AEC Research Reports 


The new edition of “Atomic Energy 
Commission Research Reports,” list- 
ings of about 5000 unclassified docu- 
ments in the Office of Technical Serv- 
ices collection acquired to January 
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1960, can be obtained free by request- 
ing “AEC Research Reports Price List 
No. 33” from OTS, U.S. Dept. of Com- 
merce, Washington 25, D.C. 


Ultra-Precise Ball Bearings 
Developed at MIT 


Ball bearings with tolerances of 20 
millionths of an inch, or 10 times bet- 
ter than standard requirements, have 
been developed at the MIT Instrumen- 
tation Lab in a five-year team effort 
involving MIT, Barden Corp., and 
BMD and WADD. The bearings are 
used in gyros found in a number of 
ballistic missiles and nuclear sub- 
marines. 


that it lacks a governor. Both motors 
are encapsulated except for the drive 
shafts. 

Differential capstans provide a con- 
stant tape tension across the magnetic 
head. The captstan on the takeup 
side revolves at a speed 1.0 percent 
greater than that of the supply cap- 
stan. 

Power consumption was minimized 
by the use of specially designed “wrap- 
around” dual capstans. The tape 
wraps around 270 deg of the capstan 
to obtain driving friction, and thus 
eliminates the customary solenoid- 
actuated pinch rollers. Elimination of 
pinch-roller components reduced 
weight and favored precise tape track- 
ing, because of the absence of pinch- 
roller tape deformation. 

The recorder weighs 12 lb and re- 
quires less than 8 watts of power. It 
measures only 11 x 13 x 3 5/¢ in. com- 
plete with electronics. 

The Mercury capsule tape recorder 
will provide on seven data channels a 
complete analog record of phenomena 
occurring on the historic series of 
flights. Of these seven channels, one 
will be the voice comments of the 
Astronaut and the other six will be 
multiplexed data on capsule systems, 
events, and environmental conditions— 
such as temperature, pressure, ac- 
celeration, shock, and _ physiological 
changes in the Astronaut, as detected 
by sensitive pickups taped to his body. 


Seven Data Channels 


The Mercury capsule tape recorder 
lends itself readily to commercial ap- 
plications. Operation of this recorder 
on 3 watts of power is possible by us- 
ing high-efficiency DC motors. 
(These motors will not meet the severe 
environmental requirements, as do the 
present motors installed.) This means 
that batteries can be incorporated 
within the present recorder case with- 
out an increase in size. A rewind 
mechanism can be incorporated by in- 
stallation of an additional motor. 
Also, playback electronics and a 
speaker can be included within the 
present size. 

For ground-station uses, five of these 
recorders can be installed in bookshelf 
fashion in a standard 19-in. rack panel, 
11 inches high. Such a setup could 
provide 35 channels of recorded data; 
and by a cycling operation, it could 
give 280 hr of single-track recording at 
a tape speed of 1 7/g ips. 

The fact that the recorder will op- 
erate within the —15 to 200 F tem- 
perature range and not emit noxious or 
toxic odors, or contaminate an oxygen 
atmosphere, suggest its application in 
submarines, hospitals, or industrial 
areas where explosive atmospheres 
may be present. 
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He has brainstorms 
...0 order 


He’s one of a group of AMF scien- 
tists who develop solutions to the 
utterly original problems of modern 
defense and human penetration of 
space. He doesn’t build better mouse- 
traps. His business is completely 
new kinds of traps for mice that 
have never been caught. 


Examples: A method of recovering 
potable water from human waste 
fluid, the major source of water ina 
sealed space vehicle... Methods of 
analyzing the effects of a nuclear 
blast on the earth’s crust, how it 
changes the character of soil and 
rock, how its shock is propagated, 
what sort of building structure will 
withstand it... Platforms on which 
will be mounted primary standards 
calibration instruments for missile 
guidance systems. These platforms 
must be so vibration-free that natu- 
ral earth movements must be com- 
pensated for. Platform vibrations 
are limited to millionths of an inch 
...A method of predicting tempera- 
tures in missile nose cones upon 
re-entry. 


Single Command Concept 


These samples of creative ingenu- 
ity reflect the resourcefulness AMF 
brings to any assignment. 

AMF people are organized in a 
single operational unit offering a 
wide range of engineering and pro- 
duction capabilities. Its purpose: to 
accept assignments at any stage 
from concept through development, 
production, and service training... 
and to complete them faster...in 


* Ground Support Equipment 

* Weapon Systems 

¢ Undersea Warfare 

Radar 

- Automatic Handling & Processing 

Range Instrumentation 

° Space Environment Equipment 

* Nuclear Research & Development 
GOVERNMENT PRODUCTS GROUP, 

AMF Building, 261 Madison Avenue, 

New York 16, N. Y. 
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ARS news 


Attendance of 700 Marks GSE Conference in Detroit 


Detroir—The ARS Ground Support 
Equipment Conference held at the 
Statler-Hilton Hotel here March 23-25 
drew an attendance of 700 people 
concerned with the present status of 
GSE, recent advances, and future 
trends. 

The conference was unique in that 
technical sessions were held in the 
morning only, with the afternoons kept 
free for field trips to facilities in the 
Detroit area. One evening session was 
also held. 

The meeting got off to a good start 
with a mixer on Tuesday evening, 
March 22, sponsored by Beaver Pre- 
cision Products, Burroughs Corp., 
Chrysler Corp., Continental Aviation 
and Engineering Corp., Dearborn Ma- 
chinery Movers Co., Electro Mechani- 


cal Products, Ford Motor Co., General 
Motors Corp., Kelsey-Hayes Co., Koe- 
bel Diamond Tool Co., Vickers, and 
Wyandotte Chemical Corp. 

Michigan Gov. G. Mennen Williams 
formally opened the meeting the fol- 
lowing morning, along with B. J. Mel- 
drum of Chrysler, general chairman of 
the conference. ARS National Presi- 
dent Howard S. Seifert got the techni- 
cal portion of the meeting underway 
with a general introduction at a classi- 
fied (Secret) session highlighted by 
Army, Navy, and AF reports on GSE 
problems and trends. 

The Wednesday luncheon speaker 
was I. M. Levitt, director of the Fels 
Planetarium of the Franklin Institute 
in Philadelphia. Dr. Levitt’s topic 
was “The Moon—Target for Tomor- 
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row,” and in his address he noted that 
every element necessary for the estab- 
lishment of manned outposts on the 
moon was already present there. Dr. 
Levitt predicted a manned landing on 
the moon within 10 years and the es- 
tablishment of a permanent lunar base 
within 20 years. 

The afternoon was devoted to field 
trips to Chrysler’s Michigan Ordnance 
Missile Plant and the Ford Scientific 
Laboratory, while the evening session 
was highlighted by an address by 
Homer J. Stewart, director of NASA’s 
Office of Program Planning and Eval- 
uation, on the space agency’s future 
program and the GSE necessary to 
support the program. 

Sessions on Thursday morning 
covered the second generation of GSE 
systems and advances in mechanical 
GSE systems. At the former, classi- 
fied Secret, Army, Navy, and AF ex- 
perts reviewed the Pershing, Polaris, 
and Minuteman GSE systems. 

C. Stark Draper, director of the 
MIT Instrumentation Laboratory and 
chairman of the MIT Aeronautics and 
Astronautics Dept., was the luncheon 
speaker. In his address, he stressed 
the need for small, simple, mobile 
GSE systems, and warned against the 
dangers of overly complex, expensive, 
and heavyweight GSE. He pointed 
to the Polaris system as an example 
of what he thought could be accom- 
plished, and added that reducing 
weapons and GSE to trailertruck size 
and weight would do the trick. 

Field trips on Thursday took confer- 
ence registrants to either the Detroit 
Arsenal or the GM Technical Center. 

The banquet that evening, preceded 
by a reception sponsored by the same 
ARS corporate members who spon- 
sored the mixer, drew a large turnout. 
Featured speaker at the banquet was 
Brig. Gen. Austin W. Betts, ARPA 
director, who spoke on “The Ballistic 
Missile and Space.” Gen. Betts noted 
in his address that, while the Soviets 
had at least a two-year head start on 
us in the space race, our hope lies in 
the fact that we seem to be more in- 
telligent about the use of space. Thus, 
while the Russians seem to be going 
in for splashy “firsts,” related to their 
obvious advantage in large thrust 
levels, our program is more rational in 
terms of continuing payoff. He also 


expressed the certainty that Atlas “is 
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and ready...checked out by system 


Soon American seamen aboard swift, nuclear-powered subma- bd 
rines will patrol “Awake In The Deep”...armed with the U.S. 
Navy's devastating POLARIS fleet ballistic missile. Besides prenoen 
alertness there will be readiness, guaranteed by automatic pro- 

duction checkout units designed and built by Packard Bell 
Electronics for the Missiles and Space Division of Lockheed 
Aircraft Corporation. The factory checkout system for POLARIS 
consists of a central control station and remote test consoles for — 
Receiving Inspection, Package, Flight Control and Systems 
checkout. All units are self-powered, self-checked, modular de- 
signed, fully automatic and solid-state. All can be adapted for 
use with any missile, aircraft or other weapon system. 
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“Engineering Beyond the Expected” 
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May 1960 / Astronautics 


a 
ea AWAKE IN THE DEEP 
ning 
ical NN at 
the 
and 
and 
leon 
ssed 
bile = 
the 
‘ive, 
ited 
om- 
size 
fer- 
Toit 
er. 
ded 
> 
ime 
out. || 
was 
stic 
ted 
iets | 
on 
in- 
us, » 
ing | L \\ CB f 
| (DEL CCC} €H 
‘ust / C LA Cit 
| in 7/ 
ilso 
“is 
57 


On the calendar 


1960 
May 2-5 
May 3-5 
May 9-11 


May 9-11 
May 9-12 
May 9-12 
May 9-13 
May II 
May 23-25 
May 24-28 


May 26-27 


June 1-3 
June 15-17 


June 20-23 
June 25- 
July 5 
June 26— 
July | 
July 10-22 


July 18-19 


July 21-27 


Aug. 8-11 
Aug. 8-12 
Aug. 15-20 
Aug. 15-26 
Aug. 23-25 


Aug. 29— 
Sept. 2 
Aug. 


Sept. 7 
Sept. 15-16 
Sept. 21-25 
Sept. 26-30 
Sept. 27-30 
Oct. 10-12 
Oct. 20-21 
Oct. 26-27 


Dec. 5-8 


ISA Sixth National Flight-Test Symposium, San Diego, Calif. 
IRE-AIEE Western Joint Computer Conference, San Francisco. 


ISA Third National Power Instrumentation Symposium, San Francisco 
State College, Calif. 


31st Annual Meeting of Aerospace Medical Assn., Americana Hotel, 
Bal Harbour, Miami Beach, Fla. 


ARS Semi-Annual Meeting and Astronautical Exposition, Am- 
bassador Hotel, Los Angeles. 


ISA Instrument-Automation Conference and Exhibit, Civic Auditorium, 
San Francisco. 


National Conference of Society of Photographic Scientists and 
Engineers, Miramar Hotel, Santa Monica, Calif. 


Symposium on "Medicine in The Space Age," Statler-Hilton Hotel, 
New York, N.Y., sponsored by Medical Society of State of New York. 


ISA, ARS, IAS, AIEE National Telemetering Conference, Mira- 
mar Hotel, Santa Monica, Calif. 


Japanese Rocket Society 2nd International Symposium on Rocketry 
and Astronautics, University Club, Tokyo. 


"Psychophysiological Aspects of Space Flight'’ Symposium, by invita- 
tion, School of Aviation Medicine, Aerospace Medical Center, Hilion 
Hotel, San Antonio, Tex. 


6th Annual Radar Symposium, Univ. of Michigan Willow Run Lab- 
oratories, Ann Arbor, Mich. 


1960 Heat Transfer and Fluid Mechanics Institute, Stanford Univ., 
Stanford, Calif. 


AGARD Avionics Panel on Radio Wave Absorption, Athens, Greece. 
AACC, ISA, ASME, IRE, AICHE Ist International Congress for 
Automatic Control, Moscow. 

American Society for Testing Materials Annual Meeting, Chalfonte- 
Haddon Hall, Atlantic City, N.J. 


Underwater Missile Engineering Seminar, Pennsylvania State Univ., 
University Park, Pa. 

ARS Propellants, Combustion, and Liquid Rockets Conference, 
Ohio State Univ., Columbus. 


3rd International Conference on Medical Electronics, sponsored by 
Institution of Electrical Engineers and International Federation for 
Medical Electronics, Olympia, London. 


American Astronautical Society Western National Meeting, Olympic 
Hotel, Seattle, Wash. 

AIEE 1960 Pacific General Meeting, El Cortes Hotel, San Diego, 
Calif. 

11th International Astronautical Congress, Stockholm, 
Sweden. 

Summer Institute on Nondestructive Testing, Sacramento State Col- 
lege, San Francisco. 

1960 Cryogenic Engineering Conference, Univ. of Colorado, Boulder, 
Colo. 

The Combustion Institute 8th International Symposium on Combustion, 
CalTech, Pasadena, Calif. 

10th International Congress of Applied Mechanics, Congress Bldg.. 
Stresa, Italy. 

Annual Meeting of Armed Forces Chemical Assn., Sheraton-Park 
Hotel, Washington, D.C. 

Air Force Assn. National Convention and Aerospace Panorama, San 
Francisco. 

3rd ISA Instrument-Automation Conference and Exhibit, N.Y. Col- 
iseum, N.Y.C. 

ARS Power Systems Conference, Miramar Hotel, Santa 
Monica, Calif. 

ARS Human Factors and Bioastronautics Conference, Biltmorc 
Hotel, Dayton, Ohio. 

Hypervelocity Projection Techniques Conference, Univ. of Denver, 
Colorado. 

1960 Computer Applications Symposium sponsored by Armour Re- 
search Foundation, Morrison Hotel, Chicago. 


ARS Annual Meeting and Astronautical Exposition, Shoreham 
Hotel, Washington, D.C. 
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significantly more accurate than its 
Soviet competitor.” 

Technical sessions on Friday morn- 
ing included a classified (Secret) ses- 
sion on advances in electrical GSE 
and a session in which Peter Weiser of 
STL presented the only paper (ARS 
Preprint No. 1082-60), an analysis of 
“Operational Design—The  Relation- 
ship of GSE to the Weapon System.” 

The luncheon speaker was Maj. 
Gen. Ben I. Funk, commander, Hq., 
San Bernardino Air Material Area, 
AMC, Norton AFB, Calif., whose 
topic was “The Impact of GSE and its 
Effect on the Ballistic Missile Pro- 
gram.” Gen. Funk stressed the need 
for simpler, more reliable GSE which 
could be produced more economically. 

The field trip that afternoon was to 
the Burroughs Military Electronic 
Computer Div. 

The conference, held under the di- 
rection of the ARS Logistics and Op- 
erations, and Test Facilities and Sup- 
port Equipment Committees, received 
noble support from the ARS Detroit 
Section, headed by E. A. Nielsen of 
Chrysler. 

All in all, the Detroit meeting added 
up to another in the highly successful 
series of ARS special subject confer- 
ences which got underway last year. 

—lIrwin Hersey 


Amateur Rocketry Pamphlet 
Now Available from ARS 


ARS has just published a pamphlet 
on amateur rocketry for youngsters 
which points out the dangers inherent 
in experimentation with rockets using 
explosive propellants, and pointing out 
some alternative nonhazardous experi- 
ments. The pamphlet, entitled “Open 
Letter to Amateur Rocketeers,” is a re- 
print of the article by Peter Zimmer- 
man which appeared in the February 
Astronautics. It is now being distri- 
buted to all ARS Sections and Student 
Chapters. 

Quantity reprints, imprinted with 
the name of the sponsor, are available 
from ARS Headquarters. For addi- 
tional information, write to: Pamphlet, 
AMEnICAN Rocket Society, 500 Fifth 
Ave., New York 36, N.Y. 


ARS Members Help Man 
New Missile Cruiser 


Two ARS members are in charge of 
the Terrier missile battery aboard the 
Navy’s new guided missile cruiser, the 
USS Topeka, commissioned in March. 
The two members are Lt. Comdr. H. 
E. Davies and Lt. E. W. Hays. They 
also report that the two ARS publica- 
tions have been made part of the ship’s 
technical library. 
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Seven New ARS Technical Committee Chairmen Named for 1960 


James S. Farrior is in charge of de- 
velopment of the flight control system and 
integration of the guidance system into 
the Polaris at Lockheed Missile and Space 
Div. His title is manager of guidance, 
Systems Div., Polaris Missile System. 
While at ABMA from 1951 to 1959, he 
was responsible for development of the 
Redstone, Jupiter, and Pershing guidance 
and control systems, as well as similar 
techniques for space projects, such as 
Jupiter C and Saturn. 


Martin Goldsmith currently is working 
in the Propulsion Group of Rand Corp.’s 
Engineering Div. A recipient of a Gug- 
genheim Jet Propulsion Fellowship while 
at CalTech in 1955, he had been a test 
engineer at NAMTC, Pt. Mugu, in 1951 
and a research engineer at JPL in 1952. 
He joined Rand in 1955 to work on rocket 
propulsion. 


Irving Michelson is professor and head 
of the Dept. of Aeronautical Engineering 
at Pennsylvania State Univ. From 1954 
to 1957, when he came to Penn. State, he 
was doing research on aerodynamics, pro- 
pulsion, and spaceflight at Odin Asso- 
ciates. Prior to that he had been en- 
gaged as a consultant aerodynamicist for 
NOTS and Rand Corp. 


Peter L. Nichols Jr. heads the Pro- 
pulsion Laboratory of Poulter Labora- 
tories, which is a major division of Stan- 
ford Research Institute. He is also a 
consultant to the Office of the Asst. Secy 
of Defense, a member of the Senior Steer- 
ing Committee for the Office of Ordnance 
Research, and a member of the Joint 
Army-Navy-AF Panel on Propellant Per- 
formance. He participated in the original 
work on polyurethane propellants in this 
country. 


Eugene Perchonok, manager of Mar- 
quardt Corp.'s Advanced Engines Re- 
search Dept., is identified with early 
NACA ramjet activity, his pioneering ex- 
perience dating back to 1945. He con- 
ceived and directed NACA experiments 
on supersonic application of the turbojet 
engine, and was later responsible for first 
tests at supersonic speeds of the J-79 en- 
gine installation in the B-58 Hustler. 


John I. Shafer serves as a propulsion 
staff engineer to the laboratory director at 


Farrior 


James S. Farrior 
Martin Goldsmith 
C. J. Wang 

Peter L. Nichols Jr. 
Eugene Perchonok 
John |. Shafer 


Nichols Perchonok Shafer Wang 
Chairman Committee 
Irving Michelson Education 


Guidance and Navigation 
Liquid Rockets 

Nuclear Propulsion 
Propellants and Combustion 
Ramjets 

Solid Rockets 


Jet Propulsion Laboratory, where he has 
worked for the past 12 years as a research 
engineer and as chief of the Solid Rockets 
Section. From 1940 to the end of World 
War II, he worked for Hercules Powder 
Co. on development and production of 
single and double-base solid propellants. 


C. J. Wang, manager of Space Tech- 
nology Laboratories’ Propulsion Systems 
and Development Dept., is well known for 
his work in gas dynamics, fluid mechanics, 
and chemical and nuclear propulsion. He 
is currently directing research and de- 
velopment in these fields at STL. 


A. K. Oppenheim 
Howard S. Seifert 
Robert A. Gross 

W. L. Rogers 
William H. Pickering 
John L. Sloop 
Alfred J. Eggers Jr. 
Col. John P. Stapp 


New ARS Standing Committee Chairmen 


Awards Committee 
Executive Committee 
Finance Committee 
Membership Committee 
Policy Committee 
Program Committee 
Publications Committee 
Nominating Committee 
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Long Island Section Plans 
“Youth in Space” Program 


The ARS Long Island (N.Y.) Sec- 
tion has announced plans to stage a 
“Youth in Space” program as a top 
feature of the Science and Industry 
Exposition to be held at Roosevelt 
Exposition Center, L.I., October 14- 
15. Abelardo deAlcala, Section presi- 
dent, notes that the program will be 
designed to aid youngsters in planning 
careers and to demonstrate proper 
discipline for laboratory work in rock- 
etry. 

The Section invites all ARS mem- 
bers to assist its Program Committee 
in planning arrangements. Corre- 
spondence should be addressed to A. 
deAlcala, Arma Div., Old Country Rd., 
Garden City, N.Y. 


ARS Film Library 


ARS Headquarters is preparing a 
permanent film library and requests 
corporate members to submit films per- 
taining to our fields of endeavor to: 
Mr. Geoffrey Potter, Membership 
Manager, ARS, 500 Fifth Ave., N.Y. 
36, N.Y. 
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Completely fail-safe, this lightweight pack- 
age is the only cartridge starter capable 
of full containment of a wheel hub burst. 
The AiResearch starter is extremely 
flexible and compact, making it easily 
adapted to any jet engine envelope. For 
example, the same starter now used on 
the Hound Dog missile can be delivered 
immediately for use on the B-52 itself. 
This self-contained, aircraft-installed 
starting system provides quick, dependable 
starts in any climate or 


THE 


Output shaft speed . 
Dry weight (not including cartridge) 


Operating temp..... 


Chamber pressure normal operation 
Safety plug diaphragm burst pressure 


Operating voltage 


Operating air pressure and temp. 


location by means of high temperature 
cartridge gases or low pressure air such as 
supplied by an AiResearch gas turbine 
serving as an onboard pneumatic power 
source or conventional ground support unit. 

The starter consists, basically, of an air 
turbine starter and a removable solid pro- 
pellant cartridge chamber. Combustion of 
the cartridge directs high pressure gas 
against the turbine wheel, turning the out- 
put shaft. Overspeed is controlled by aero- 
dynamic braking action of air compressed 


CORP GR ATIO 


Operating air flow 


SPECIFICATIONS: 


3000 rpm (max) 
60.0 Ibs (approx) 
CARTRIDGE STARTING 
—65 to 160°F 

850 psi 

2000 psig 
(nominal) 

15 to 32 volts 


PNEUMATIC STARTING 


50 psia and 350 F 
(nominal) 
100 Ibs per min (approx) 


AIRESEARCH’S CARTRIDGE/PNEUMATIC STARTER has completed more than 20,000 
successful cartridge starts for the F-100, F-105 and Hound Dog missile applications. 


by radial blades on the other side of the 
turbine wheel. 

This simple system consists of proven 
components with many thousands of hours 
of successful operating history. The 
pioneer and leading manufacturer of air 
turbine starters of all types for both 
military and commercial application, 
AiResearch has more than four years of 
cartridge experience and 12 years’ experi- 
ence in pneumatic starters. 

Your inquiries are invited. 


AiResearch Manufacturing Divisions 


Los Angeles 45, California * Phoenix, Arizona 


Systems and Components for: AIRCRAFT, MISSILE, SPACECRAFT, ELECTRONIC, NUCLEAR AND INDUSTRIAL APPLICATIONS 
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... the world’s standard 
wherever dependability is paramount 


Regardless of price, Shure microphones will 
perform according to specifications and will 
operate for years without deviation from their 
original standards. All are painstakingly 
developed, designed, manufactured and tested 
for flawless performance coupled with longest 
possible trouble-free service. 


MICROPHONES FOR EVERY APPLICATION: 


fixed station 
UNIDYNE 


The world's most famous 
and widely used indoor- 
outdoor uni-directional 
microphone. Overwhelm- 
ing first choice among 
leading sound installers. 


mobile 


TEN-FOUR 


Extraordinarily rugged, 
high-impact case houses 
“controlled magnetic"’ 
cartridge proved reliable in 
critical use by the military, 
police, taxi, bus, and trans- 


all-purpose 
COMMANDO 


Versatility combined with 
dependability and econ- 
omy. Can be mounted on 
desk or floor stand, on 
gooseneck, worn around 
neck, hand held. 


portation fleets. 


SHURE SPECIALIZED SERVICES FOR 
ELECTRONICS ENGINEERS 

MICROPHONE CALIBRATION SERVICE 

Essential to anyone building or testing precision sound equipment. 
Establishes exact output or sensitivity of the microphone, enabling 
other factors to be calculated or measured. Useful in normal sound 
measurements and in matching a microphone to auxiliary sound 
equipment. Primary calibration $175, secondary calibration $50. 


REACTANCE SLIDE RULE 
Simplifies calculation of resonant frequency, capacitive reactance, 


inductive reactance, Coil “Q” and dissipation factor problems. 
Send $1.00 for each slide rule. 


FREE MICROPHONE CATALOG 
Lists dozens of microphones, specifications, applications. 


Write on letterhead to: 


SHURE BROTHERS, INC. 
222 Hartrey Avenue, Evanston, Illinois 
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Three More Companies Become 
ARS Corporate Members 


Three more companies have become 
corporate members of the AMERICAN 
Rocket Society. The companies, 
their areas of activity, and those named 
to represent them in Society activities 
are: 


Beckman Instruments, Inc., Systems 
Division, Anaheim, Calif., which will 
be represented by Robert J. Baumann, 
acting manager; Taylor C. Fletcher, 
director of research and engineering; 
Lawrence M. Silva, associate director 
of research and engineering; Frank J. 
Scheufele, marketing manager; and 
Anthony M. Johnson, assistant market- 
ing manager. 


Daniel, Mann, Johnson & Menden- 
hall, Los Angeles, Calif. As architects, 
engineers, and planners, DMJM de- 
signs ground-support facilities 
rocket and missile propellant and in- 
strumentation systems, missile training 
facilities, and research and develop- 
ment facilities. Named to represent 
the company are Marvin J. Kudroff, 
director of engineering; Jack R. Rum- 
mell, military projects director; Robert 
C. Westerfield, chief process engineer; 
David M. Fleming, assistant to the 
executive vice-president; and Thomas 
J. Carter, business development co- 
ordinator. 


Reeves Instrument Corp., Garden 
City, N.Y., manufacturer of space- 
vehicle instrumentation systems and 
components, inertial guidance systems 
and components, radar tracking sys- 
tems, and electronic computers. Rep- 
resenting the company are Rawley 
D. McCoy, vice-president, engineer- 
ing; Sidney Godet, director of re- 
search; E. King Stodola, assistant to 
the president; Jack F. Lepre, vice- 
president, industrial relations; and J. 
Bryan Straley, executive vice-presi- 
dent. 


TECHNICAL COMMITTEES 


Brooks Morris, assistant director of 
Propulsion Div., Marquardt Corp., has 
been appointed Director of Technical 
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Committees, with the responsibility of 
supervising and coordinating the 22 
ARS Technical Committees and mak- 
ing appointments to expired terms. 


Education: Elliot Felt of Martin Co., 
head of the Panel on Educational 
Methods of the Committee, working 
on preparation of a detailed, coordi- 
nated lecture and educational program 
for youngsters which could be imple- 
mented by ARS Sections around the 
country, reports considerable progress. 
The Panel has reviewed the activities 
of 19 Sections in this area, and is now 
at work on a lecture series. 

In addition, William E. Marshall, 
chairman of the Youth Activities Com- 
mittee of the ARS Twin Cities Section, 
has forwarded to the Committee for 
review a proposal to organize Fuelless 
Rocket Clubs, which would use cata- 
pults, rather than explosive propel- 
lants, to launch model rockets. He 
has already prepared a brief talk and 
a 15-min playlet entitled “Operation 
Slingshot” to explain what could be 
accomplished by such clubs, and these 
were presented at a meeting of the 
Bloomington, Minn., PTA early in 
March. Both CAP and the Explorer 
Scouts have expressed interest in the 
proposal. 


SECTION NEWS 


Alabama: The Section recently 
elected new officers, who are as fol- 
lows: Konrad K. Dannenberg, presi- 
dent; James B. Bramlet, vice-president; 
James W. Lee, secretary; and Gerald 
R. Guinn, treasurer. 


Central Indiana: In February, the 
Section had the pleasure of hearing A. 
H. Schwichtenberg, head of the Dept. 
of Aerospace Medicine for the Love- 
lace Foundation, speak on “Space 
Medicine and the Selection of Astro- 
naut Candidates.” In March, W. C. 
Cooley, head of NASA’s propulsion 
and auxiliary power unit program, 
spoke on “Space Power and Electrical 
Propulsion.” The discussions of these 
guests were thoroughly enjoyed by the 
Section. 

—R. E. Sullivan 


Central Texas: The Section held 
regular meetings in January, February, 
and March, with 50, 90, and 65 mem- 


bers and guests at each, respectively. | 


The January meeting was devoted | 


chiefly to Section plans, and a movie 
was shown on the launching of the 
Atlas missile. At the February meet- 
ing, guest speaker Col. John F. Brown- 
low Jr., USA, an executive officer of 
the 2nd Armored Div, presented an 


Date Meeting 


ARS Semi-Annual 
Meeting and 


Astronautical 
Exposition 


May 9-12 


National Telemeter- 
ing Conference 


May 23-25 


July 18-19 Liquid Rockets and 
Propellants Con- 


ference 


International 
Astronautical 
Congress 


Aug. 15-20 


Sept. 27-30 Power Systems Con- 


ference 


Human Factors and 
Bioastronautics 
Conference 


Oct 10-12 


ARS Annual 
Meeting and 
Astronautical 
Exposition 


Dec. 5-8 


1960 ARS Meeting Schedule 


Send all abstracts to Meetings Manager, ARS, 500 Fifth Ave., New York 36, N.Y. 


Abstract 

Location Deadline 
Los Angeles, Calif. Past 
Santa Monica, Past 

Calif. 

Ohio State Univ. Past 
Stockholm, Sweden _— Past 
Santa Monica, Calif. June 24 
Dayton, Ohio July | 
Washington, D.C. Aug. 25 


ENGINEERS 
SCIENTISTS 


FUTURISM 
in 
contemporary 
R&D 


Radical departures from traditional 
forms of scientific investigation are 
the keynote of Republic Aviation’s 
forward-looking programs in space 
exploration and upper atmosphere 
flight. In an environment that re- 
gards with skepticism the seeming 
validity of conventional conclusions, 
engineers and scientists seek below- 
the-surface solutions of problems... 
bypassing the superficial. 


Expanding the scope and depth of 
present programs is Republic’s 
recently completed $14 million 
Research and Development Center. 
Extensive facilities here are an in- 
vitation to professional men to real- 
ize the future by solving today’s 
most perplexing problems. 


SENIOR LEVEL OPENINGS EXIST 
IN THESE IMPORTANT AREAS: 
Space Electronics (Guidance, Naviga- 
tion, Communications) / Hypersonics 
/ Hydromagnetics / Nuclear Power 
Packages / Advanced Computer Tech- 
nology / Applied Mathematics / Space 
Environmental Studies (Life Science) 
/ Celestial Mechanics / Electronic 
Theory / Plasma Physics / Radiation 
Studies / Re-entry Techniques / Fluid 
Mechanics / Materials Research & 

Development 


Please forward resumes to: 
Mr. George R. Hickman 
Technical Employment Manager, 


Department 3E 


MEP UBLIC AVIATIOW 


Farmingdale 
Long Island, New York Sagal 
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interesting review of the status of mis- 
siles used and planned for the Army. 
In March, guest speaker Col. Paul A. 
Campbell, of the USAF Aerospace 
Medical Center's advanced studies 
group, discussed the role of medicine 
in the missile and space field. He also 
described some experiments being con- 
ducted by the Air Force to provide 


information on conditions and _ prob- 
lems in space. 


—Frank R. Gessner Jr. 


Chicago: S. W. Bradstreet of Ar- 
mour Research Foundation spoke on 
“Composite Materials for Rockets and 
Missiles” at the January meeting of the 
Section. The great demand for heat- 


A 


At a recent meeting, members of the Central Indiana Section look pleased as 
they prepare to dine and then hear an address by A. H. Schwichtenberg, head 
of the Department of Aerospace Medicine for the Lovelace Foundation, on space 


medicine and the selection of astronauts. 


Members and guests of the 


Univ. of Michigan Chapter pose for a snapshot on 


their recent field trip to the Chrysle: Missile Plant. 


ROCKET SOCIETY 
SSIL 


MATH TO 


IND YOUR PL. 


During National Engineer's Week, the San Diego Section joined other local 
chapters of technical societies in holding an exhibition at Convention Hall in 
Balboa Park. Above, their exhibit, based on photomurals and a scale model of 
the Titan launching complex made available through the courtesy of Ralph M. 


Parsons Co., Engineers and Consultants. 
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resistant nose cones and nozzles has 
led to the development of a large 
number of new materials. Both theo. 
retical and experimental studies have 
resulted in techniques for combining 
these new materials into composites 
and fabricating them into useful 
shapes. The general principles by 
which the proper composites can be 
selected for specific tasks were aptly 
covered by Dr. Bradstreet, who char- 
acterized the available composites and 
demonstrated how their properties can 
be used to advantage in the solution of 
the crucial missile-materials problem. 

—R. C. Warder Jr. 


Florida: In March, the Section met 
in a classified session to hear a pres- 
entation on re-entry bodies. Guest 
speaker Robert Crosby of Lockheed 
Missiles and Space Div. discussed spe- 
cial problems involved in re-entry body 
design, flight, and handling. 

Current plans of the Section are to 
feature nine specialist speakers during 
the year who can give up-to-date state- 
of-the-art information in various fields 
to the personnel at AFMTC and other 
interested parties. 

—Robert Eley 


Northern California: The March 
meeting was held at Sabella’s in Sun- 
nyvale, Calif. It was especially grati- 
fying that a contingent from the 
Monterey Section was present at this 
meeting. The evening featured a talk 
by Wallace Davis, president of Vidya, 
Inc., on “Research and Development 
Work at Vidya.” In a highly amusing 
introduction, Davis pointed out the 
problems that beset an organization in 
starting a new business. Specifically 
noted were the matters of finance and 
security, where it is impossible to get 
financing without contracts and con- 
tracts cannot be obtained because 
there is no “need to know” for security 
clearance. He described some of the 
research projects in fluid mechanics, 
thermodynamics, and chemical physics 
of propulsion with which his company 
is currently engaged. 

—H. M. Kindsvater 


Sacramento: The Section’s first 
1960 meeting, held at the Sacramento 
Inn on February 3, saw the installa- 
tion of new officers, who are as fol- 
lows: President, L. J. Bornstein; vice- 
president, J. J. Peterson; correspond- 
ing secretary, D. W. Whittlesay; re- 
cording secretary, M. Halebsky; and 
treasurer, G. F. Peltz. Later in the 
evening, Philip H. Brunstetter gave a 
stimulating talk on “Leadership Styles 
and Their Implications to Work Ac- 
complished.” Dr. Brunstetter has a 
Ph.D. in psychology and administra- 
tion from Columbia Univ., has served 
as assistant dean of students at the 
City College of N.Y., and was super- 
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Data 


Acquisition and Application 


Data Communication 


Data Processing and Control 


The 3 elements of an automated military system: 
all logical capabilities of IBM 


IBM’s Federal Svstems Division has a unique three- 
way capability. Because of it, the Division can effec- 
tively handle study and development contracts of total 
defense systems —or assume total system management 
responsibility. It can originate the systems concept 
and carry it all the way to implementation. 


In data acquisition and application subsystems —IBM 
has the facilities and manpower to develop and furnish 
the sensors, displavs, and other devices for man-to- 
application, and machine-to-application communica- 
tions. Also, to develop automatic sensors, sensor con- 
trol, automatic dissemination facilities and displays 
required to direct proper and efficient functioning of 
the entire system. 


_ In data communication subsystems —With capabilities 
and experience in IBM Tele-processing*, Federal Sys- 
tems has the knowledge and facilities needed to design 


and develop complete networks to meet systems re- 
quirements. This includes, for example, data commu- 
nication subsystems with message switching functions 
and terminal instrumentation. Message processing 
equipment, inquiry stations, and code modulation- 
demodulation equipment are already under develop- 
ment in the Division’s laboratories. 

In data processing and control subsystems—Engineers 
and scientists at the Federal Svstems Division can 
draw on a vast IBM background in data processing to 
develop new and advanced svstems and programming 
concepts. They can draw on existing equipment, or 
utilize widespread manufacturing facilities to meet 
both the engineering and production requirements of 
totally new instrumentation. 

The three elements of a military svstem are all logical 
capabilities of IBM’s Federal Systems Division — for 
development and systems management. 


® 
Federal Systems Division, International Business Machines Corporation, 326 East Montgomery Avenue, Rockville, ome oM 


Data Acquisition 
and Application 


*Trademark 


Data Communication 


Data Processing 
and Control 
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visor of management development for 
Republic Aviation before joining Aero- 
jet recently in a similar position. 

He discussed the philosophies un- 
derlying basic leadership and how 
these are manifested in practice, and 
pointed to certain surveys which have 
shown that: High motivation in sci- 
ence is related to high research per- 
formance; a scientist should be able 
to grow while continuing with re- 
search; the participative style of lead- 
ership works best; productivity is low 
if there is very little contact with the 
boss, even if the subordinate has free- 
dom of action and decision; and the 
most effective leader is one who em- 
ploys the participative style and has 
strong technical competence. During 
the ensuing question-and-answer pe- 
riod, Aerojet vice-president C. C. Ross 
commented on the general area cov- 
ered by the talk and stated that how to 
pick the right people for important 
jobs is a real problem at Aerojet. 

The second 1960 Section meeting, 
held later in February and open to 
guests, featured a popular talk by S. 
C. Burket, head of the Solid Rocket 
Plant’s Propellant R&D Laboratory, on 
“Space, The Future, and Solid Pro- 
pellants.”. Dr. Burket explained the 
technical aspects in nontechnical terms 
so that they were easily understood. 
He described grain and motor design, 
and pointed out that it is desirable to 
have high-temperature and low-molec- 
ular-weight gases as a result of solid- 
propellant combustion in order to ob- 
tain high specific impulse. Two prob- 
lems cited by Dr. Burket for resolution 
in the future were: How to stop and 
start solid-propellant rockets; and how 
to develop low-burning-rate solid pro- 


S. W. Bradstreet of Armour Research 
Foundation points out defects in a 
composite-material rocket nozzle to 
C. C. Miesse, after addressing the 
Chicago Section on “Composite Ma- 
terials for Rockets and Missiles.” 


pellants which can burn for a long 

time at low pressure. These latter 

would be useful for space vehicles. 
—D. W. Whittlesay 


Wichita: The first regular meeting 
of 1960 was held in February at Innes 
Tea Room. This was a joint meeting 
in cooperation with local sections of 
IAS and SAE, and drew a combined 
attendance of 214 members and 
guests. Speaker for the evening was 
Richard W. Porter of GE, who gave 
an interesting talk on recent discov- 
eries in space exploration and a sum- 
mary of some of the current problems 
being investigated. 

—Roger J. Nyenhuis 


STUDENT CHAPTERS 


Univ. of Conn.: The Chapter held 
its March meeting in the campus’ Stu- 


A Solid Meeting 


Smiling for the camera are Stanley Burket, on the left, head of the R&D 
Laboratory at Aerojet-Sacramento, and Laurence Bornstein, right, senior engi- 
neer at the Solid Rocket Plant and new ARS Sacramento Section President. 
They may be happy about solids, which Dr. Burket discussed at a recent Section 
meeting, or about the Section membership, which is now over the 400 mark. 
The ladies are the “Mrs.” 
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dent Union. Guest speaker was 
Charles E. Waring, head of the Dept. 
of Chemistry at the University, who 
discussed “Sense and Nonsense in 
Chemical and Biological Warfare.” 
Dr. Waring presented an interesting 
and informative clarification of the 
present-day threat of this method of 
war. Included was a film, released last 
month by the government, on a chem- 
ical agent that induces fear. The 
meeting resulted in an increase in 
membership, and it initiated consider- 
able discussion about chemical and 
biological warfare. 

Also, the Chapter recently elected 
the following slate of officers for 1960: 
President, David Gruenig; vice-presi- 
dent, Donald Armentano; treasurer, 
Robert Gruss; programs committee 
chairman, Allan Kessler; advisers, Dr. 
Charles A. Reynolds and Richard 
Rhodes II. 

There will be a trip during spring 
vacation to Electric Boat Co. in 
Groton, Conn., to see the work being 
done there on closed ecological sys- 
tems. 

—David E. Gruenig 


CORPORATE MEMBERS 


American Bosch Arma Corp. has 
signed an agreement to purchase Tele- 
Dynamics, Inc., to be operated as a di- 
vision of ABA . .. American Potash & 
Chemical Corp.’s expansion program 
during 1960-62 will run into about 
$25 million . . . Atlantic Research 
Corp. has installed a $700,000 high- 
speed Burrough 220 electronic com- 
puter system .. . “The Bendix Cor- 
poration,” as adopted by stockholders, 
will be the new name of Bendix Avia- 
tion Corp., effective June 1. . . Boe- 
ing’s AeroSpace Div. is centralizing its 
electronic systems work for Minuteman 
under a 25,000-sq-ft hangar . . . Bur- 
roughs Corp. has undertaken a major 
reorganization. In one of the moves, 
the Burroughs and ElectroData divi- 
sions will be discontinued as organiza- 
tional units; their marketing activities 
will be joined in the Equipment and 
Systems Marketing Div. 


Chance Vought has agreed to pur- 
chase unissued stock and an 80 per- 
cent interest in Information Systems, 
Inc., Skokie, Illinois firm in the auto- 
mation field . . . Douglas is tripling 
space allotted for its missile nozzle re- 
search and production activities, with 
more than 100,000 sq ft in reserve. 
The company also plans an engineer- 
ing center for its missiles and space 
systems engineering activities : 
The new $1 million R&D Laboratory at 
Electro-Optical Systems, Inc. doubled 
the company’s physical size to 70,000 
sq ft... Food Machinery and Chem- 
ical Corp. has dropped the name 
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opportunities in: 


xploratory Studies - Advanced Planning - Systems Analysis 


We promise you a reply 
within one week 


The complexity of modern 
technology...the rapid increase in 
the number of specializations...and 
the frequent shifts in technological 
emphasis all have combined to 
require a staff of alert, aggressive, 
creative teams of engineering 
specialists. Their responsibility is 
to assist management in the formu- 
lation of plans for future efforts. 


For our purposes the teams should 
be staffed by graduate Electronic 
Engineers and Physicists who have 
acquired several years of experience 
with radar, guided missiles, 
computers, infrared detection, 
nuclear radiation equipment, 
micro-electronics, underwater 


detection, space propulsion systems 
or related areas. Several of the 
positions require the ability to 
present contract proposals to both 
technical and non-technical 
officials. Other positions require the 
ability to do preliminary systems 
design. There are twenty-three 
openings in the above areas at the 
present time. 


All of the positions involve close 
associations with senior engineers. 
All of the salaries reflect the 
unusual backgrounds required. 


Please airmail your resume to 
Mr. Robert A. Martin 


Supervisor, Scientific Employment 
Hughes Engineering Division 
Culver City, California 


Creating a new world with ELECTRONICS 


©1960, HUGHES AIRCRAFT COMPANY 


ENGINEERING DIVISION 
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Westvaco from its divisional and brand 
identifications. Former Westvaco 
Divs. will hereafter be known as the 
Chlor-Alkali and Mineral Products 
Divs. FMC has entered the expoxy 
plastics field with development of a 
series of “unique epoxy resins.” 


GM recently dedicated its new Ad- 
vanced Concepts R&D Lab in Los 
Angeles, a missile and space facility 
within the AC Spark Plug Div... . 
Grand Central Rocket Co. has an- 
nounced that Lockheed has acquired a 
50 percent interest in the firm for cash 

Name of Hoffman Electronics 
Corp.’s Hoffman Laboratories Div. has 
been changed to Military Products 
Div. . . . A new plant to serve East 
Coast industry with Linde Co.'s 
Flame-Plating process will be built at 
North Haven, Conn. . . . Arthur D. 
Little, Inc., announces it is establish- 
ing an engineering operation in Santa 


Monica, Calif. 


In a reorganization move at Martin- 
Baltimore, all engineering other than 
electronics has been incorporated into 
a new Weapons System Engineering 
Div.; and an Electronics Div., with in- 
tegrated engineering and production 
facilities, has also been set up. . . 
Marquardt has formed a new Facili- 
ties Engineering Div. . . . McDonnell 
Aircraft has ordered a “Hotshot” type 
wind tunnel from Westinghouse Elec- 
tric. The company has created the 
McDonnell Automation Center as a 
commercial arm offering electronic 
data processing services . . . NAA’s 
Rocketdyne Div. is taking over the 
150,000-sq-ft Atomics International 


building at Canoga Park where it will 
set up a research center for new 
methods of space propulsion 
Northrop has paid cash for Amer- 
ican-Standard’s Military Products Div., 
Norwood, Mass., which will now op- 
erate as the Precision Products Dept. 
of the Nortronics Div. 


Olin Mathieson Chemical Corp. 
and Pennsalt Chemical Corp. have 
jointly formed the Penn-Olin Chem- 
ical Co., a subsidiary to produce so- 
dium chlorate and other chlorate 
compounds . . . Philco’s Government 
and Industrial Group has formed a 
separate Computer Div. at Willow 
Grove, Pa... . Raytheon has signed an 
agreement for exchange of technical 
knowhow in the microwave tube field 
with Compagnie Generale de TSF 
(CSF) in Paris. 


New production and engineering 
facilities for Rocket Power/Talco, a 
division of The Gabriel Co., were re- 
cently dedicated at Mesa, Arizona. 
The complex includes a 50,000-sq-ft 
solid-propellant production and load- 
ing center to produce over 100,000 
Ib of solid propellant per month... . 
Servomechanisms, Inc., has established 
a separate research division at its Santa 
Barbara facility . . . Solar Aircraft has 
been acquired by International Har- 
vester via exchange of 1 share of IH 
for 2!/, shares of Solar . . . New engi- 
neering center being built at Euclid, 
Ohio, for Thompson Ramo Wool- 
dridge’s Tapco Group will be named 
in honor of TRW’s vice-president Arch 
T. Colwell, who has headed engineer- 


IAF Congress Registration Forms Available 
From ARS Headquarters in New York 


Registration forms for the 11th In- 
ternational Astronautical Congress, to 
be held at the Royal Technical Insti- 
tute in Stockholm, Sweden, August 
15-20, are now available from ARS 
Headquarters in New York. 

The forms may be obtained by writ- 
ing to Rod Hohl, Meetings Manager, 
AMERICAN Rocket Soctrety, 500 Fifth 
Avenue, New York 36, N.Y. The 
Swedish Interplanetary Society, host 
for the Congress, has indicated that it 
must receive the filled-in forms by 
May 15 in order to make necessary ar- 
rangements for blocking off sufficient 
hotel rooms for registrants. 

Plans for ARS charter flights from 
Los Angeles and New York to Stock- 
holm have been canceled due to a re- 
cently enacted Civil Aeronautics Board 
regulation prohibiting organizations 
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with more than 5000 members from 
making a nationwide solicitation for 
charter plane passengers. All ARS 
members intending to attend the Con- 
gress are, therefore, asked to make 
their own travel arrangements, but to 
use the IAF Congress registration 
form for hotel reservations and as a 
notice of official intent to attend the 
Congress. 

Tentative plans for the Congress 
program include sessions on the fol- 
lowing topics: 

1. Planetary Atmosphere Environ- 
ments; 2. Interplanetary Space; 3. 
Space Medicine and Biology; 4. Tra- 
jectories; 5. Navigation, Guidance 
and Control, Space Communication; 
6. Propulsion; 7. Vehicles; 8. Space 
Probes, Satellites, High-Altitude Rock- 
ets (descriptions and presentation of 
results); and 9. Economic Factors. 


ing R&D activities there for 30 years, 


United Aircraft has recently ac- 
quired exclusive North American rights 
to a new electron beam process devel- 
oped by Carl Zeiss Foundation of West 
Germany for machining or welding 
the hardest materials, and has set up 
Corpuscular, A.G., a Swiss company, 
to market the machines overseas. The 
Pratt & Whitney Aircraft Div. has 
entered into a joint R&D program with 
Leesona Corp. covering the field of 
fuel cells . . . United Research Corp, 
of Menlo Park has changed its name 
to United Technology Corp. . . . Wyle 
Laboratories has acquired Parameters, 
Inc., New Hyde Park, N.Y., to be 
known hereafter as Wyle-Parameters, 
engaged in testing of missile and air- 
craft components. +4 


LA Meeting Program 
( CONTINUED FROM PAGE 50) 


Tuesday, May 10 
Tour B 1:30 p.m. 
Marineland of the Pacific 
Buses will travel directly to Marineland. 
Visit includes outdoor show featuring trained 
whales and porpoises, seal show, and observa- 
tion of all the various undersea life of the 
Pacific. Buses will return to the hotel by 
5:30 p.m. (approx.). 
Cost: $2.75 


Wednesday, May 11 
Tour C (Ladies Only) 
Hollywood 


Universal International Studio, Griffith 
Park, Walt Disney Studio, Columbia Studios 
Ranch, Hollywood Bowl, ete., 3 hours. 

Cost: $4.75 


2:00 p.m, 


Thursday, May 12 


Tour D 9:00 a.m. 


Disneyland 
Buses will travel directly to world famous 
Disneyland. Visit may include all the 
wonderful rides available, such as_ the 
Jungle River Boat, the Submarine Nautilus, 
the Steamboat Mark Twain, ete. Return 
buses will leave Disneyland promptly at 
2:30 p.m. 
Cost: $3.25 


6:00 p.m. 

Reception and Banquet—Poolside and Em- 
bassy Room 

Ambassador Hotel 

Ticket: $9.50 


Friday, May 13 
Suggested shopping day. Members of the 
Hostess Committee from Los Angles will be 
available to offer assistance and guidance. 
Individual tours to other points of interest 
in and about Los Angeles can also be ar- 
ranged. 


Science Encyclopedia 


One of the largest technical publica- 
tions ever undertaken in the English 
language, an encyclopedia of science 
and technology in preparation for over 
four years, will be published in 15 
large volumes next fall by McGraw- 
Hill. 
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CUTAWAY VIEW OF SYG-500 


PERFORMANCE ACCURACY OF SYG-500 GYRO PLOTTED AGAINST MISSION TIME: a) Satellites and Ballistic Missiles, Ascent Phase; b) Tactical 
Aircraft (Short Range); c) Hypersonic Glide Vehicles; d) Cruise Missiles; e) Strategic Aircraft (Long Range); f) Marine Craft. 


Sperry SYG-500 FLOATED INTEGRATING GYRO offers 
full-mission accuracy... flight-proven reliability 


© New non-freezing Gyrolube™ flotation fluid 
Isoelastic gimbaling 
© Long-term drift stability 


© New long-life low-wear spin wheel bearings 


As requirements for inertial guidance 
systems continue to stiffen, Sperry an- 
swers with the SYG-500 Floated Inte- 
grating Gyro—available in production 
quantities for use in a wide range of 
ballistic missile, space vehicle, aircraft 
and marine applications. 


The SYG-500 is the result of the most 
thorough study, analysis, evaluation, 
lab- and flight-testing of any floated 
gyro in production today. It is rugged, 
with full accuracy even after exposure 
to acceleration, vibration and impact 
shock (MIL-E 5272B). It is non- 
freezing; a new flotation fluid, Sperry 
Gyrolube, permitting unlimited storage 
between —65°F. and +180°F. without 
impairment of accuracy. Thermal equi- 
librium is rapidly attained as a result of 
advanced insulation techniques. New 


low-wear spin wheel bearings contrib- 
ute to a life in excess of 3500 hours. 
The Sperry SYG-500 is fully flight- 
proven on high performance aircraft. 
Write for detailed specifications and 
supporting data. 


AIR ARMAMENT DIVISION, SPERRY GYROSCOPE COMPANY « DIVISION OF SPERRY RAND CORPORA TION, GREAT NECK, N. Y. 
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Tugboat for Space: Spaceborne scientific laboratories and platforms for further 
exploration into space are an accepted concept based on established engineering 
techniques. Components would be fired as individual units into space, on 
precalculated orbits, and there assembled. To solve the major problems of how men 
are to live and work in space during the assembly process, Lockheed has prepared 

a detailed engineering design of an astrotug—a manned vehicle housing a crew 

of two or three. Missile-launched, the astrotug will be capable of supporting its crew 
for a number of days in an environment of suitable atmosphere, artificial gravity, 
and with provisions for exercise, relaxation, bathing facilities, medical care, 
illumination and adequate food and water. 


The Lockheed astrotug is a completely independent working vehicle. Personnel need 
not leave it in space suits in order to work on the project of assembling the space 
station components. As shown in the diagram, the tug consists of two double-walled 
pressure vessels approximately 20 feet long overall and 9 feet in inside diameter. 
Swivelling rocket nozzles are arranged for maneuvering. On the forward end, 
extending out are four mechanical manipulator arms with interchangeable “hands” 
for such specialized functions as gripping, welding, hammering, cutting, running 
screws, etc. “Hands” can be changed by remote control from inside. Viewing ports 
provide uninterrupted observation. Radar antennas, searchlights, and other 
equipment necessary to the tug’s work are mounted externally. Main controls and 
instruments including radar, radio, infrared, computers and navigation consoles are 
duplicated in each of the two major compartments as a safety measure. 


Men working in single units afloat in space suits would have little applicable 

force and could work for very limited periods of time. With the Lockheed astrotug, 
personnel could carry on the work in relative safety and comfort with maximum 
efficiency. A special reentry vehicle, separate from the astrotug, has been conceived 
for ferrying to and from earth. Tugs themselves would remain floating in orbit 
indefinitely, being reprovisioned and refurbished as fresh crews arrive in relief. 


Space vehicle development is typical of Lockheed Missiles and Space Division’s 
broad diversification. The Division possesses complete capability in more than 

40 areas of science and technology —from concept to operation. Its programs 
provide a fascinating challenge to creative engineers and scientists. They include: 
celestial mechanics ; computer research and development; electromagnetic wave 
propagation and radiation; electronics; the flight sciences; human engineering ; 
magnetohydrodynamics; man in space; materials and processes; applied 
mathematics ; oceanography ; operations research and analysis; ionic, nuclear 
and plasma propulsion and exotic fuels; sonics; space communications ; 

space medicine; space navigation; and space physics. 


Engineers and Scientists: Such programs reach far into the future and deal with 
unknown and stimulating environments. It is a rewarding future with a company 
that has an outstanding record of progress and achievement. If you are experienced 
in any of the above areas, or in related work, we invite your inquiry. Please write : 
Research and Development Staff, Dept. E-1 4, 962 W. El Camino Real, Sunnyvale, 
California. U.S. citizenship or existing Department of Defense clearance required. 


Lockheed 
MISSILES AND SPACE DIVISION 


Systems Manager for the Navy POLARIS FBM; the Air Force AGENA Satellite 
in the DISCOVERER, MIDAS and SAMOS Programs; 
Air Force X-7; and Army KINGFISHER. 


SUNNYVALE, PALO ALTO, VAN NUYS, SANTA CRUZ, SANTA MARIA, CALIFORNIA 
CAPE CANAVERAL, FLORIDA «¢ ALAMOGORDO, NEW MEXICO « HAWAII 
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Mobile Unit Conditions 
Missile Components 


Recently delivered to Army missile 
ranges, this mobile unit, produced by 
Cook Electric’s Nucledyne Div., will 
temperature-condition missile compo- 
nents in preflight preparation. Its en- 
vironmental chamber will hold a tem- 
perature within plus or minus 2 F be- 
tween —100 and 200 F. 


Impact of the Space Age 


On May 7, an education symposium 
on “The Creative Challenge to Man in 
the Space Age” takes place at the 
Univ. of Minnesota under the spon- 
sorship of the University’s College of 
Education, the Minnesota Wing of the 
Air Force Assn., and the Civil Air 
Patrol. The purpose of the symposium 
is to raise questions and suggest pos- 
sible results of the impact of the 
Space Age on American life. It will 
feature such distinguished speakers as 
Margaret Mead, E. W. Rawlings, Rob- 
ert F. McDermott, Paul W. Chering- 
ton, and E. Paul Torrance. 


NASA Lunar Conference 


(CONTINUED FROM PAGE 45) 


originate in the asteroidal belt, but 
seem to eliminate that region as the 
source of the stones. It appears that 
the stones must be moving in orbits 
close to that of the earth, and Urey 
suggests that some of them may in 
fact be bodies which have been re- 
moved from the moon by collisions of 
iron meteorites with that object, or by 
collisions with the residues of comet 
heads. If a stone lies a meter or more 
beneath the surface of the moon, it 
will be protected from cosmic radia- 
tion by the overlying rock until it is 
ejected into an orbit around the sun 
by a collision of a meteorite with the 
moon’s surface. A difficulty with this 
picture is presented by the fact that 
among the stone meteorites there is 
one, Norton County, whose cosmic-ray 
age is several hundred million years. 
However, Norton County may be only 
an object that was lying on the surface 
of the moon and was therefore subject 
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to cosmic-ray bombardment before it 
was removed by collision. 

Urey emphasizes that whether or 
not the chondrites come from the 
moon, the stones and the irons have 
had a very different history if the 
cosmic-ray data are reliable. 

In the ensuing discussion, Harry 
Hess of Princeton Univ. commented 
on the difficulties in supposing that 
the meteorites come from the interior 
of any planet. He remarked that 
materials which come up from the 
depths of the earth, where they have 
been under substantial pressure, re- 
duce themselves to an exceedingly 
friable material as soon as the pressure 
is released. He thus supported Urey’s 
argument that, since the chondrites 
are not friable, they must come some- 
how not from the interior but from 
the surface of a planet. 


Argon-Potassium Ages 


A very different point of view on 
the origin of stone meteorites was ex- 
pressed by E. Anders of the Univ. of 
Chicago. Anders based his remarks 
on measurements of the argon-potas- 
sium ages of the meteorites; K4° under- 
goes a transformation to A?® by elec- 
tron capture plus gamma _ emission. 
This process is the only source of A*® 
in the meteorite. A measurement of 
the relative amounts of argon and po- 
tassium in a given rock is therefore a 
direct measure of its age. A similar 
but independent determination of the 
age may be obtained from a measure- 
ment of the relative concentrations of 
strontium and rubidium, since these 
two elements are related by a beta 
decay scheme. We expect the argon- 
potassium age to be lower than the 
rubidium-strontium age because some 
loss of argon can be expected by diffu- 
sion to the surface of the meteorite. 
Anders has found that in actuality the 
two ages are closely the same. He 
estimates that no more than 30 per- 
cent of the argon has been lost by 
diffusion to the surface during the 4 
billion years of the meteorites’ life- 
time. Since the diffusion rate depends 
on temperature, he derives from the 
argon loss an estimate for the mean 
temperature of the meteorite during 
its lifetime. A quantitative analysis 
based on measurements of the diffu- 
sion constant for argon in rocks indi- 
cates that the temperatures of the 
meteorites cannot have been more than 
200 K during most of their lifetimes. 
If this temperature is considered to 
be produced by the equilibrium be- 
tween absorption and re-radiation of 
the sun’s energy, it corresponds to a 
distance from the sun of about 1.5 
astronomical units (A.U.). That dis- 
tance is approximately the radius of 
the asteroidal belt, and Anders’ reason- 


ing therefore supports the hypothesis 
that the stone meteorites originate in 
the asteroidal belt and not in orbits 
close to that of the earth. 

The argument can be extended to 
obtain an upper limit to the size of 
the bodies which formed the parents 
of the meteorites. The temperature 
of a meteorite must be appreciably in- 
creased by radioactive heating if it is 
contained in a parent object of suffi- 
ciently great size. If an upper limit 
can be set on the temperature increase 
produced by radioactive heating, a 
maximum will also be obtained for the 
size of the parent object. Now, the 
meteorites or their parent bodies might 
have originated as far as 5 A.U. from 
the sun, but no further, because at 
greater distances they would be swept 
up rather quickly by the planet 
Jupiter. At a distance of 5 A.U. the 
temperature at equilibrium with the 
sun’s radiation will be about 110 K. 
A temperature of this magnitude 
would be produced in the interior of 
an object approximately 250 km in 
diam, and according to Anders this 
size is therefore the maximum per- 
missible for the object from which the 
meteorites are formed. 

Urey has noted that this conclusion 
on the size of the parent object to the 
meteorites would appear to be incon- 
sistent with the presence of diamonds 
in these bodies. As far as is now 
known, the manufacture of diamonds 
requires extremely high pressures, 
such as are only to be found in the 
interior of an object the size of the 
moon or larger. 

Thus there is a decided difference 
of opinion regarding the origin of the 
stones, although there appears to be 
general agreement that the iron mete- 
orites originate in the asteroidal belt. 


The Tektites 


Another group of objects and their 
possible lunar origin were the subject 
of a very lively debate in the confer- 
ence. These are the tektites, a glassy 
rock which is picked up in great num- 
bers in Australia and elsewhere around 
the world. It is not clear that the 
tektites come from outer space, and 
it is in fact the general opinion among 
geologists that they are a form of ter- 
restrial rock which has been subjected 
to a special processing of unknown 
character. However, several students 
of the subject, including Suess, Nin- 
inger, Fenner, and others, believe that 
these objects are of extraterrestrial 
origin. The arguments for their views 
were presented at the conference by 
J. A. O’Keefe of NASA. 

The essence of these ideas is that 
the tektites represent ablation products 
from a natural satellite of the earth, 
ie., a body of meteoritic size which 
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CONTROL 
ROCKETS 


Used on the Nation's major missiles, 
space vehicles and satellites 


TYPICAL 
Project Rocket ion 
ATLAS Retro 
THOR 
EXPLORER MARC Satellite Ejection ‘— 
(Series) Rocket 
MARC 5 Spin St@prtiize 
DISCOMPRER MARC 4 
s) 
ARC 4 De-Spin 
MERBURY C7 le Separation — 
MARC 8 ty Rocket a 
ttison 
IR MARC n Boost 


Modifications of standard control rocket motors can be made to obtain a wide range of performance 
characteristics. For example, the MARC-7, 1.0K$420, was modified for a Venus probe that required half 
the original thrust. Special mounting brackets, variations in expansion ratios, igniter alterations and 
other modifications can be made for each standard control rocket. Further information about ARC's control 
rockets and a detailed brochure can be obtained from our Development Department. 


Atlantic Research Corporation 


Edsall Road at Shirley Highway, Alexandria, Virginia 
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is moving in the earth’s gravitational 
field. Such objects may be subjected 
to extended heating as they enter the 
upper atmosphere, if they approach 
in an almost circular orbit. O'Keefe 
suggests that it is possible to account 
for the sizes and forms of the tektites 
on the assumption that they are drops 
which were detached from the larger 
bodies as they entered the atmosphere 
along grazing paths. Some considera- 
tions adduced in support of this theory 
by O'Keefe are the following. 

First, the chemical composition is 
not close to that of other rocks in the 
neighborhood of points where they 
are picked up; furthermore, they have 
a characteristic and uniform composi- 
tion, although they are found in a belt 
covering large areas over which the 
composition of the indigenous rocks 
varies substantially. Second, they 
have markings on them which show 
signs of flight through the atmosphere 
of the earth, i.e., lines of flow such as 
would be produced in the melting and 
ablation of a rock as it entered the 
atmosphere of the earth. Third, they 
have only 20 to 200 parts per million 
of water, and are drier than almost 
any terrestrial rock. Fourth, they 
have at most 1 part per million of 
gaseous material, and this exceptional 
freedom from volatiles can only be 
understood if it is assumed that the 
tektites have been subjected to high 
temperatures for extended periods, as 
in the course of atmospheric entry at 
a small angle. 

As the source of the natural satellite, 
O'Keefe, following Nininger, proposes 
the moon. He points out that in the 
impact of meteorities with the moon’s 
surface, most of the fragments ejected 
by the collision will go into the solar 
system, but some will be captured by 
the moon and the earth into natural 
satellite orbits initially resembling that 
of Lunik III. Those which come near 
the earth will be subjected to an atmos- 
pheric drag which decreases the eccen- 
tricity of their orbits until they achieve 
a circle and enter the atmosphere at a 
small angle. According to the calcula- 
tions of E. Opik, this process must 
take several thousands of years. In the 
final stages of atmospheric entry the 
tektites drip from the body of the na- 
tural satellite as its surface melts. 

Urey attacked this explanation on 
the ground that Aluminum 26, which 
is formed by cosmic-ray bombardment 
and is found in meteorites, is not 
found in the tektites, nor is Neon 21. 
He also raised the objection that, while 
many of the tektites may come in on 
grazing orbits, a smaller but still com- 
parable number enter directly and pro- 
duce ordinary meteorites with the 
composition of tektites, and these have 
not been formed, with the possible ex- 
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A. R. Hibbs 


ception of one object. 
drew attention to the fact that in all 
of the orbits which he had so far cal- 
culated for lunar probes, it has turned 
out that the probe falls to the ground 
within a few years of being put into 


orbit. Hibbs suggests that the length 
of life in the earth-moon system would 
be rather short and, moreover, that 
the body would end its life not by 
spiralling into the earth, as observed in 
the case of Sputnik II and suggested 
by O’Keefe, but, on the contrary, 
would suffer larger perturbations of the 
perigee which would cause it to fall 
directly to the ground. 


Lunar Seismology 


Seismometers for the detection of 
moon quakes are being developed 
under the direction of Maurice Ewing 
at Columbia Univ. and Frank Press at 
the California Institute of Technology, 
as part of the NASA lunar exploration 
program. <A rugged construction ap- 
pears to be feasible for these lunar 
seismometers, and they may be placed 
in one of the first instrumented stations 
to be landed on the moon. Since the 
level of natural seismic activity on the 
moon may be low, it is hoped that 
large meteorite falls will occur with 
sufficient frequency so that they may 
be picked up by the seismometers dur- 
ing the month or so in which their 
power supply can be expected to func- 
tion. An examination of the records of 
meteorite falls on earth has therefore 
been undertaken by Harrison Brown 
of CalTech in an effort to predict the 
probability of detectable lunar im- 
pacts. His research parallels an earlier 
investigation by Opik in the same area. 
The results of Brown's study, as re- 
ported at the conference, indicate that 
one impact with a magnitude of a ton 
may be expected on the moon every 10 
years. A fall of this magnitude should 
be detectable by the seismometer at 
any point on the moon's surface. 
There is presumably a higher fre- 
quency of smaller falls which would 
be detectable if they occurred in the 
close neighborhood of the seismome- 
ter. The uncertainty in these esti- 
mates is considered by Brown to be 
very great, although taken at face 
value they appear to indicate unfavor- 
able conditions for this particular mode 
of operation of the lunar seismometer. 


Statistics of Meteor Falls 


The statistics assembled by Brown 
have their own interest apart from 
their application to the lunar explora- 
tion program. His records indicate an 
increase in the frequency of meteorite 
finds with time, presumably due to the 
recent increase in world population. 
Between 1800 and 1940 the records 


show an average of 7 falls per year, 
or 170 falls per year over the entire 
surface of the earth, of which 6 per. 
cent are iron meteorites and the re. 
mainder are stones. Of the stones, 90 
percent are chondrites and 10 percent 
are achondrite. 

A highly uncertain extrapolation of 
the frequency curve to very large me- 
teors indicates that impacts such as 
that which produced the Arizona cra 
ter will occur once every few thousand 
years. Over an interval of some hun- 
dreds of millions of years, fantastic col- 
lisions can be expected, such as could 
in fact be expected to bring about ex- 
tinction of life on the earth. 


Changes in the Radius of the Moon 


The conference continued with a re- 
port by MacDonald on the thermal 
history of the moon. According to 
MacDonald the absence of horizontal 
displacements on the surface of the 
moon indicates that the radius did not 
change by a substantial amount over 
the last several aeons. There are 
cracks on the moon, such as_ those 
around Copernicus, which indicate 
that the moon has opened up or in- 
creased in radius slightly in an early 
stage. Over the last two aeons, how- 
ever, the radius cannot have changed 
appreciably. 

The absence of appreciable change 
in the radius of the moon is now used 
as the basis for the following calcula- 
tion. The moon is assumed to be a 
spherical distribution of matter con- 
taining radioactive elements whose de- 
cay heats up the interior. The heat 
passes to the surface of the moon, and 
produces an expansion of its radius at 
a rate determined by the average value 
of the thermal expansion coefficient for 
lunar matter. 

From the theoretical result for the 
rate of change of radius, the conditions 
are determined under which the 
moon’s radius can remain constant in 
time. On this basis, MacDonald has 
calculated several thermal histories for 
the moon. In the first calculation the 
initial temperature is assumed to be 
zero C, corresponding to a cold moon 
formation. In other calculations the 
initial temperature is given values 
ranging up to 1200 C. The results for 
change of radius with time do not de- 
pend essentially on the initial tempera- 
ture assumed, and in all models it is 
found that the radius increases rapidly 
over the first 1 1/, aeons, primar- 
ily because the initial rate of heating 
by radioactive decay is very large. 
After one or two aeons the radius levels 
off and begins to decrease, but at an 
extremely small rate. The calculated 
rate of decrease in this period is ap- 
proximately 500 meters per aeon. 

For an initially cold moon, the peak 
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year, temperature in the model is 1700 C; __ stances the analysis of these gammas _lect these particles in all depressions 
entire it is 2100 C for a moon with an initial | may permit the detection of as many as __ of the terrain. He suggests a process 
6 per. temperature of 600 C. Ata peak tem- twelve elements in the lunar crust, of electrostatic diffusion, produced by 
he te. perature of 2100 C, any iron which in addition to the naturally radioac- | chance accumulation of charges on 
es, might be present would be melted, and _ tive elements. contiguous particles in the dust layer. 
ercent this is true throughout most of the in- The charges are assumed to result from 
F terior of the moon. At this tempera- The Lunar Surface the bombardment of the surface by 
a of ture silicates might or might not melt. streams of solar protons. Under the 
a The next point considered by Mac- Thomas Gold of Cornell Univ. rose, influence of forces of electrostatic re- 
ich as Donald is the level of lunar seismicity. the last speaker, to comment on the _ pulsion, the particles hop around the 
= Internal heating produces differences implications of the remarkable smooth- surface; if they are on a slope they will 
usand between the radial and the tangential ness of the lunar surface. Radar evi- walk downhill; if a pit or cavity is 
hun- stresses; and when these stresses ex- | dence indicates clearly that the moon _ present they will fill it in. 
ic col. ceed the critical value for typical sili- is smooth on a scale of about 10 cm. In the discussion of Gold’s dust hy- 
could cate materials, the structure fails either The question Gold now raises is, What pothesis, Urey commented that G. K. 
ut ex. by rupture or by flow, and moon _ has covered over the many small cra- — Gilbert has supposed the great dark 
quakes result. MacDonald’s calcula- ters which should have been produced _ areas in the moon to be due to a flow 
ii tions on the thermal history of the — by the bombardment of meteorites of — of lava produced in the collision of 
moon are used to determine the rate | moderate size? Such craters should great meteorites with the moon; but 
a re- of release of distortional energy. He pit the surface of the moon, and yet we it was possible also that they might be 
ermal finds that the seismicity is comparable know that on a scale of 10 cm the sur- __ the deposition of a great cloud of dust 
1g to to that observed on earth. He also face is smooth. Gold remarks that which rose from the surface and fell 
rontal finds, however, that the failures occur something must have occurred, either — back near the collision center. It 
f the at relatively deep levels, some 600 km __ that the small impacts did not happen, seemed to be the consensus in the con- 
d not below the surface, and may therefore — and that seems unlikely, or some me- ference that great meteorite impacts 
over be difficult to detect. chanism smoothed them over. will in fact produce much more dust 
_ In the ensuing discussion, there was Gold considers the possible mecha- and rubble than lava, and that at least 
those considerable controversy over the type nisms for the transport of fine particles some of the maria may be such beds 
licate of rock to be assumed for lunar matter, across the lunar surface, so as to col- of dust and broken rock. o¢ 
rr in- since on earth the various forms of rock 
early vary substantially in percentages of 
how- the radioactive elements, and _ these 
nged elements play an essential role in Mac- 
Donald’s calculations. Mi k 
ange James R. Arnold from the Univ. of iSSI ea mad i ef 
used California took a position above the 
cula- battle in his presentation of prelimi- 
be a nary results of a project to measure 
con- lunar radioactivity, carried out in col- 
> de- laboration with Anderson and Van nik 
heat Dilla at Los Alamos. He was de- is 
and lighted, as an experimentalist, to find — 
1s at that the composition of the moon was 1000 
alue a matter so much in debate, since the 
t for most important experiments are ob- 
viously those which cast light on this - \ 
the controversial question. He described we 
ions the instruments which are being built 
the for the measurement of lunar radioac- a d 
t in tivity from an orbiting satellite. With 
has these, he hopes to measure in surpris- =, 
for ing detail the chemical composition of soo 
the the moon, using the spectrum of sso i to 
be gamma rays emitted from the surface 500 a \ 
oon of the moon as his tool for the analysis. in} 
the The gamma activity will be pro- 
ues duced in part by the decays of potas- 
for sium, uranium, and thorium. Since 
de- the various substances which have 
sra- been proposed for the composition of JAN APR oe ocT JAN APR JUL oct JAN APR Pi oct JAN 
t is lunar matter differ in relative percent- winded: compiled Gane, 1955 
dly ages of these elements, the gamma-ray 
ar experiment will give direct information 
ing on the composition of the crust. In —— 
ge. particular, it will distinguish in a very April hacch % April % | 
els clear manner between the tektites and | 1960 1960 Change 1959 Change | 
od roduced by cos = = 
q Missile Index 924 993 -7.0 997 | —7.0 
mic rays wil lead to the production o 5 ends Se 
neutron capture gammas, and it ap- 
ak pears that under favorable circum- 
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LIBRASCOPE 


“EXPLODING 
BRIDGEWIRE 


Unprecedented 

safety during the 

entire stockpile-to- 

target sequence 

| characterizes 

Librascope’s 
EBW System for “<3 

ordnance initiation. 


Aboard the vehicle, EBW’s virtual immunity 
to premature initiation makes it possible 
to eliminate elaborate safing mechanisms. 
. Weight of multi-stage missiles and space 
a vehicles can thus be significantly reduced. 


Of prime economic importance is the versa- 

tility of the Librascope EBW System. For one 

EBW flight firing unit will properly sequence 
and initiate all ordnance components in a 
complete missile system. 


: Designed and developed by Librascope’s 
é Sunnyvale Branch, the EBW System utilizes 
: the energy produced by the 
exploding wire to directly ini- 
tiate an insensitive secondary 
explosive. EBW initiators of 
this type cannot be initiated 
by stray DC potentials or high- 
energy RF fields. 


Send for EBW Brochure to 
Librascope Sunnyvale Branch, 
670 Arques Ave., Sunnyvale, Caljf. 


LIBRASCOPE DIVISION 
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GENERAL PRECISION, INC. 


X-15 Operations 


( CONTINUED FROM PAGE 43 ) 


the most suitable approach for the 
X-15’s relatively short flight duration, 
and it was selected for the primary 
cockpit presentation and data record- 
ing. 

The X-15 inertial flight-data system 
was developed and built by Sperry 
Gyroscope Co. It is composed of a 
stabilizer and computer in the X-15 
and an inflight control panel in the 
B-52. The B-52 controls set initial 
conditions and monitor the stabiliza- 
tion and alignment of the inertial plat- 
form prior to launch. 

The stabilizer consists of three linear 
accelerometers and three integrating 
gyros mounted on a platform which is 
kept perpendicular to the local grav- 
ity vertical under all possible condi- 
tions of attitude and acceleration by 
means of four separate gimbals. The 
servoamplifiers for each axis are tran- 
sistorized and mount directly on the 
gimbal being driven, thus minimizing 
slip-ring requirements. The gimbal 
itself is used as a heat sink for power 
transistors. 

This design approach, which essen- 
tially eliminates gearing on the gimbal 
axes, enhances the performance of the 
platform under vibration. The linear 
accelerometers have a threshold within 
10° g and an accuracy over life and 
environment without recalibration of 
the order of 10-4 g. Power supplies 
and accessories are contained within 
the stabilizer housing. The case de- 
sign, in addition, serves as a heat ex- 
changer between the internal circulat- 
ing air and the external cooling gas. 

The computer performs all the 
computations necessary to derive alti- 
tude, velocity, and position data in a 
suitable form. It includes the follow- 
ing functions: 


. Doppler inertial mixing. 

. Gyro-drift storage. 

. Acceleration-to-velocity integra- 
tion. 

. Velocity-to-position integration. 

Earth-rate computations. 

. Acceleration corrections (Coriolis 
and centripetal) due to kinetic 
velocities. 

7. Acceleration corrections due to 

changes in mass attraction. 


The computer is capable of oper- 
ating over a 720- x 240-mile area. 
The ability to superimpose this space 
over the geographically known High 
Range for every flight considerably 
simplifies the computer requirements. 
The light weight and high accuracy 
of the computer are additionally en- 
hanced by the unit’s direct-current 
analog computing concept. All re- 


quired power supplies are packaged 
within the unit. 

The initial conditions are inserted 
from the control unit in the B-52, 
Along-range and cross-range-velocity 
components are developed from an 
AN/APN-81 Doppler radar, and the 
platform is aligned from an N-1 com- 
pass system. The vertical-velocity 
component is derived from a baromet- 
ric rate-of-climb sensor. Initial posi- 
tion and altitude are inserted man- 
ually. 

Alternate methods of flight-condi- 
tion determination are available to 
the pilot in the event of failure of the 
all-attitude flight system. Attitudes, 
of course, may be observed visually. 
A visual re-entry requires some change 
in technique from standard, but does 
appear feasible. Airspeed and _alti- 
tude are presented on pressure-sensing 
instruments in the lower-performance 
flight regimes. Finally, radar data, 
including altitude and trajectory or 
vertical velocity as derived from the 
velocity computer, can be transmitted 
verbally from the High Range stations. 
Data-transmission equipment uti- 
lized to transmit radar information be- 
tween stations in terms of Cartesian 
coordinates in binary coded form, 
which, when converted to polar co- 
ordinates, will automatically direct 
the next radar on target. The radar 
information is simultaneously recorded 
and plotted at all three stations. 


Radar Contact Maximized 


A beacon transponder on the X-15 
responds to coded interrogations, max- 
imizing radar-contact probability and 
minimizing interference from other in- 
stallations. Azimuth, elevation, and 
range are recorded at the radar sta- 
tion by means of encoders attached 
directly to the elevation and azimuth 
shafts and range potentiometer. The 
encoder output, in digital form, is 
recorded at a 10-sample-per-sec rate 
on an Ampex FR-114 magnetic tape 
recorder and constitutes the primary 
precise information obtained from the 
radar system. 

Engine, propellant, hydraulic, and 
electrical and other aircraft systems 
are monitored by the pilot primarily 
with cockpit indicators. A comple- 
mentary system uses a standard 90 
x 10 pulse-duration-modulation telem- 
etry system with a capacity of up to 
90 channels of information. Critical 
system parameters are transmitted to 
the ground range in real time. Each 
of the three High Range stations can 
present all of the transmitted quan- 
tities in vertical-bar-graph form on 
oscilloscopes. Forty selected param- 
eters can be presented on calibrated 
meters for more accurate assessment 


: a new concept | 
for ordnance safety ee 
in missiles and 
space vehicles... 
\ | 
\ 
| p 
SYSTEM / | 
| e 
Rocket Motor Initiation 
; a e Thrust Termination 
e Destruct Units 
ee e. Replacement of squib 
or detonator for any 
ordnance application 
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To the moon and back and wherever missiles fly. Librascope 
computers deliver ready answers for in-flight control » guidance, 
optimum trajectories, impact prediction, data reduction and 


analysis. Throughout flight ... Librascope missile computers are uninterrupted 
by environmental extremes...and they will automatically and continuously 


check their own built-in accuracy. The compact size, minimum 
weight and performance of Librascope missile computers have 
earned them important roles in our conquest of space. For infor- 


can answer your 
Glendale, Calif. 


information on 


mation on how Librascope advanced computer capabilities 
particular needs, write to Librascope, 808 Western Ave., 
. Librascope, A Division of General Precision, Inc. For 


engineering career opportunities, contact Glen Seltzer, i Employment Mgr. 
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GOODRICH 
HIGH VOLTAGE 
ASTRONAUTICS, INC. 


....@ new research and engineering team with 
unusual capabilities for implementing the ex- 
ploration of outer space... . through 


ADVANCED PROPULSION 
SYSTEMS 


POWER CONVERSION 
SYSTEMS 


and related areas of space technology and 
research requires for its staff 


PHYSICISTS 
and 
SR. ELECTRICAL 
ENGINEERS 


for creative experimentation in the develop- 
ment of prototype electrical thrust devices 
for space applications. Experience in the 
field of electron, ion, or plasma physics and 
the associated instrumentation and tech- 
niques is required. 


ELECTRICAL ENGINEERS 


For development work on power conver- 
sion for space—initially on high voltage, 
high vacuum electrostatic generators op- 
erating on the variable capacitance princi- 
ple. Several years’ experience, preferable 
in the high voltage and/or feedback con- 
trol field, is required. High vacuum experi- 
ence an asset. 


Several recent graduates of high caliber 
are also needed. 


MECHANICAL DESIGNERS 


For design and layout of power conversion 
equipment— initially electrostatic genera- 
tor components and associated test equip- 
ment. Several years of experience in the 
design of light weight, high speed rotating 
equipment—aircraft gas turbine or acces- 
sories turbines is required. Knowledge of 
stress analysis helpful. 


Employment will be at the modern, fully 
equipped research laboratories of High 
Voltage Engineering Corporation where 
our outstanding technical staff in an ori- 
ented environment has produced the world’s 
most advanced line of particle accelerators 
and associated devices. 


Kindly send resume in strictest confidence to: 
Mr. Gordon Hamilton, Jr. 


HIGH VOLTAGE 
ENGINEERING CORP. 


BURLINGTON, 
MASSACHUSETTS 
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by engineers. Real-time strip-chart 
recording is available directly at the 
telemetry stations for as many as 24 
channels of information. 

All telemetry information is tape- 
recorded directly from the receiver in 
PDM form on an Ampex FR-114 mag- 
netic tape recorder. Data can be re- 
duced by replaying the tape directly 
through the receiving station immedi- 
ately after flight and recording out- 
puts as time-history data on_ strip- 
chart recorders. The magnetic-tape 
data can also be reduced automatically 
through the use of the Air Force Flight 
Test Center “Project Datum.” This 
system will accept a variety of input 
data tapes and generate output tapes 
compatible with IBM 704 or other 
computers for automatic processing. 

The servodriven helical telemetry 
antennae are normally controlled auto- 
matically by synchro data from the 
tracking radar. 

Air-to-ground communication is pri- 
marily by UHF units designed and 
constructed specifically for the X-15 
by Collins Radio Co. The system is 
composed of a main transmitter-re- 
ceiver which provides amplitude-mod- 
ulated radio-telephone communica- 
tions on any 20 of 1750 channels in the 
225.0 to 399.9 mc band. A separate 
guard receiver continuously monitors 
a frequency which provides antenna 
switching for space diversity. An 
auxiliary receiver operates on any 20 
of 200 channels in the 265.0 to 284.9 
me band. 

Ground-communication equipment 
is standard military UHF (GRC-27). 
High Range includes a network that 
insures positive contact between every 
ground station and any aircraft flying 
over the range. Each of the three sta- 
tions contains two transmitters and re- 
ceivers (primary and standby) and a 
special communications amplifier and 
switching unit. The keying of any 
transmitter causes, by means of land- 
line connections, the keying of trans- 
mitters at the other two stations. The 
same output is thus transmitted from 
all stations simultaneously. Receivers 
similarly place their inputs on the land 
line such that simultaneous reception at 
all stations is assured. Each station’s 
transmitter frequency differs slightly 
from the others to prevent an unde- 
sirable audio-beat frequency. Any 
audible frequencies produced as a re- 
sult of these offsets are eliminated by 
the audio-frequency response of the 
airborne receivers. 

An HF communications net is used 
by the rescue and support aircraft for 
air-to-air and air-to-ground communi- 
cation. An additional rangewide in- 
tercommunication system is installed 
for administrative-control purposes. 

Navigation in the X-15 is primarily 


visual. Each X-15 pilot has been fly- 
ing over the High Range repeatedly 
for several years during its construc- 
tion and checkout, and has become in- 
timately familiar with its geography 
and topography. Navigation augmen- 
tation is provided by an automatic di- 
rection-finding feature incorporated 
within the airborne communications 
equipment. Both the main auxiliary 
X-15 radio receivers are capable of re- 
ceiving RF signals from an X-15- 
mounted ADF antenna, amplifying 
and demodulating them, and deliver- 
ing the resulting low-frequency-modu- 
lation components to the direction 
finder and amplifier equipment. 


Emergency Information 


Secondary emergency-navigation in- 
formation can be given to the X-15 
pilot by the radar space-positioning 
network. Electronic Associates Type 
205J plotting boards are installed at 
each station for monitoring trajectory 
data. Each local plotting board has 
a selectable input either local or in- 
coming radar data from a remote sta- 
tion (parallax corrected) to be plotted. 
The master station includes an addi- 
tional plotting board which produces 
a complete plot of the research flight 
by sequential acceptance of data from 
the various tracking radars. 

Also, for any combination of speed 
and altitude, plotting-board overlays 
are available that show a plan form 
of the gliding capability of the X-15 
together with some indication of the 
technique required to achieve any de- 
sired landing area within the plan-form 
area. This information is expected to 
be invaluable in the event of an engine 
burnout or other deviation from the 
planned trajectory which would re- 
quire a landing at one of the several 
up-range, emergency dry-lake sites. 
Other useful services normally pro- 
vided by this facility include B-52 
course alignment prior to launch and 
vectoring information for escort. air- 
craft rendezvous. 

We can see in the X-15 program cer- 
tain truisms for advanced flight. An 
automated system is improved by min- 
imizing deviations from its predicted 
norm. A manned system, conversely, 
thrives on its flexibility. The pilot is 
pleased most when he is presented 
the greatest number of alternatives 
with the fewest number of switches. 

The X-15 operation illustrates, in 
many cases, the selection of alternative 
methods rather than redundant sys- 
tems. Failure of particular compo- 
nents will not necessarily cause flight 
failure or compromise primary re- 
search objectives. This philosophy is 
expected to show substantial profit 
when the research results are tallied. 
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NASA announces... 


THE TRANSFER OF THE DEVELOPMENT 
OPERATIONS DIVISION OF THE ARMY BALLISTIC 
MISSILE AGENCY TO THE NATIONAL 
AERONAUTICS AND SPACE ADMINISTRATION 


Dr. Wernher von Braun, director of the new NASA Marshall Space Flight Center in Huntsville, Ala., pictured with NASA’s Mercury Astronauts 


Dr. Wernher von Braun and his space team join NASA 


The National Aeronautics and Space Ad- 
ministration leads the nation’s efforts to 
find, interpret and understand the secrets of 
nature as they are revealed in the laboratory 
of space. 

This vigorous effort requires boosters for 
space vehicles which greatly exceed the 
thrust of any boosters currently. available. 
For this reason, the $100 million Huntsville 
plant, together with its famous space team, 
are being transferred to NASA. The new 
NASA facility in Huntsville will be known 
as the George C. Marshall Space Flight 
Center. 


NASA is now the largest civilian research 
organization in the United States. For details 
about outstanding professional opportuni- 
ties, address your inquiry to the Personnel 
Director of any of these NASA centers: 


NASA Goddard Space Flight Center 
Washington 25, D. C. 


NASA Flight Research Center 
Edwards, California 


NASA George C. Marshall Space Flight Center 
Huntsville, Alabama 


NASA National Aeronautics and Space Administration 
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People in the news 


APPOINTMENTS 


Howard S. Seifert, national ARS 
president, has been named professor 
of aeronautical engineering for pro- 
pulsion at Stanford Univ. and a mem- 
ber of the research staff of United 
Technology Corp. He was formerly 
with Space Technology Laboratories. 

Noah §S. Davis Jr., former ARS 
president, has joined the Advanced 
Design Section of Rocketdyne as a pro- 
pulsive specialist. He was formerly 
director of the Special Projects Labora- 
tory of Food Machinery and Chemical 
Corp. 

R. B. Canright has been named 
Saturn program manager for NASA. 
An ARS national board member, he 
was formerly chief of the research sec- 
tion, Missile & Space Systems Div., 
Douglas Aircraft Co. Landis S. Gep- 
hart, former chief of ARPA’s Explora- 
tory Research and Reliability Branch, 
has been appointed director of NASA’s 
new Reliability and Systems Analysis 
Office. 

Col. George M. Knauf, staff surgeon 
for AFMTC, has been appointed bio- 
astronautic assistant for the Armed 
Services Medical Support for the 
man-in-space program. 

Howard A. Wilcox, formerly DOD 
deputy director of defense research 
and engineering, has been appointed 
director of research and engineering 
in GM’s Defense Systems Div. More- 
ton Price becomes director of sales for 
the division. 


Brig. Gen. John A. Barclay, ABMA 
commander and AOMC acting dep- 
uty commanding general, has been 
nominated by President Eisenhower 
for promotion to major general. Also 
at ABMA, Jerry C. McCall has been 
named _ assistant to Wernher von 
Braun, director of Development Op- 
erations Div. 

Col. Richard C. Gibson has been 
assigned to the Air Force Academy as 
professor and head of the Dept. of 


Davis 
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Astronautics. He previously served as 
director of the Experimental Vehicles 
and Instrumentation Div., ARDC, An- 
drews AFB, Md. 


Lewis M. Branscomb has _ been 
named chief of National Bureau of 
Standards’ new Atomic Physics Div., 
an offshoot of the Atomic and Radi- 
ation Physics Div. 


David S. Lewis has been named 
senior vice-president, operations, Mc- 
Donnell Aircraft. 


T. F. Dixon, Rocketdyne director of 
research and engineering, has been 
made chairman of an ad hoc group 
charged with recommending to the 
Dept. of Defense an R&D program of 
advanced rocket propulsion systems. 
In a reorganization of its research sub- 
division, Rocketdyne has promoted 
Jack Silverman, L. C. Struckenbruck, 
R. S. Levine, and S. P. Greenfield, re- 
spectively, to head the following sec- 
tions: Chemistry; Solid Propulsion; 
Physical Processes; and Liquid Pro- 
pulsion. 

Within the Chemistry Section, K. 
H. Mueller will head the Experimental 
Chemistry Group; in the Solid Propul- 
sion Section, Charles Bernstein will 
head the Propellants and Polymers 
Group, R. D. Sheeline, the Solid Pro- 
pellant Application Group, and C. H. 
Martinez, the Special Projects Group; 
in the Physical Processes Section, J. E. 
Witherspoon will head the Physics and 
Mathematics Group and R. B. Law- 
head, the Process Dynamics Group; 
and in the Liquid Propulsion Section, 
G. S. Gill will head the Liquid Engine 
Appplications Group and J. V. Hobbs, 
the Research Instrumentation Group. 


At Aerojet-General, John V. Atana- 
soff has been appointed vice-presi- 
dent of the Atlantic Div., and Capt. 
Sheldon Brown (USN-Ret.) becomes 
assistant manager there. W. J. Wiley 
has been upped to manager, missile 
manufacturing, of the company’s 


Downey plant. Comdr. Eric G. New- 


Canright Wilcox 


berg Jr. is the new resident repre- 
sentative for the Bureau of Naval 
Weapons at Aerojet’s Sacramento 
plants. 


Three new managers have been ap- 
pointed in GE’s Missile and Space 
Vehicle Dept.: Edward A. Miller, in 
charge of the Discoverer Program; 
Solomon Charp, Navigation and Con- 
trol Electronic Equipment; and Wil- 
liam J. Conner Jr., Defense and Busi- 
ness Planning. 


Richard B. Uhle has been named 
executive assistant to the vice-presi- 
dent and general manager of defense 
operations at Avco’s Crosley Div. 


At United Aircraft Corp.’s Norden 
Div., Carl F. Schaefer and Ernest J. 
Greenwood have been named engi- 
neering and operations managers, re- 
spectively. At the Hamilton Stand- 
ard Div., Rex E. Moule has been ap- 
pointed chief of basic design. 


Arthur Bramley has joined the elec- 
tronics section of Republic Aviation’s 
scientific research staff. 


Royal V. Keeran has been ap- 
pointed technical director of Mar- 
quardt’s Pomona Div., and John A. 
Swint, director of operations, Ogden 
Div. 


Richard W. Eppley has joined the 
Astro Systems and Research Labora- 
tories of Northrop’s Norair Div. 


Patrick J. Mallon has been made 
director of reliability and quality, 
general office, Hughes Aircraft Co. 
In the company’s Ground Systems 
Group, Nicholas A. Begovich has been 
appointed assistant manager; Robert 
M. Snyder becomes manager of the 
Radar Systems Dept. of the radar 
laboratory; Arnold M. Small, manager 
of the product effectiveness labora- 
tory; and Lester V. S. Sanson, man- 
ager, Manufacturing and Parts Serv- 
ice Div. Anthony A. Tocco has been 
named corporate value engineer. 
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Huge radio telescope for celestial exploration and space 
communication. Note how freight train is dwarfed by it. 


Loewy plays vital role in design and construction of 
world’s largest radio telescope 


Loewy-Hydropress, well established in the design and con- 
struction of testing and launching installations for missiles 
and rockets, has extended its activities into the field of radio 
telescopes and allied equipment. Loewy is currently making a 
major contribution to the world’s largest telescope (now 
under construction for the U.S. Navy) by designing and 
building the huge bearings, drives, supports and other mechan- 
ical elements which motivate altitude and azimuth position 
and control the fine balance of the structure. 


BALDWIN : LIMA: HAMIUT ON 
Industrial Equipment Division + Philadelphia 42, Pa. 


In addition to the Navy project, Loewy engineers have 
been working on another enormous telescope, one with a 
reflector diameter of approximately 300 ft. And they have 
also been instrumental in the development of the complex 
mechanisms and structures for large radar tracking antennas. 

For information that could be helpful in your structural and 
mechanical problems concerning radio telescopes and radar 
antennas for scientific and ordnance requirements, write 
Dept. G-5. 
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Simons Hall 


John C. Simons, director of National 
Research Corp.'s Applied Physics 
Dept., will head the company’s new 
Space Vacuum Laboratory. 


Albert C. Hall, director of research 
and engineering for The Martin Co., 
has been promoted to vice-president 
of engineering. George S. Trimble 
Jr., has been named corporate vice- 
president for advanced programs; 
Jack B. Gilbert, quality control man- 
ager, Titan fabrication; and Justin L. 
Bloom, project engineer for Advanced 
Snap Programs in the Nuclear Div. 


Ford Motor Co. has established a 
Defense Products Group under the 
direction of Gerald J. Lynch, com- 
pany vice-president and general man- 
ager of Aeronutronic Div. 


Richard F. Hughes has been ap- 
pointed assistant chief engineer, aero- 
ballistics, for Chrysler Corp.’s Ad- 
vanced Projects Organization. 


Charles E. Dolberg has been ele- 
vated to director-systems management 
for Phileo Corp.’s Government and In- 
dustrial Group. Rear Adm. Richard 
Holden (USN-Ret.) joins the Group 
as director of the Advanced Systems 
Development Dept., and Winton O. 
Etz as section manager, Integrated 
Data Systems. 


T. C. Wisenbaker, general manager 
of Raytheon’s Missile Systems Div., 
has been elected a corporate vice- 
president. In other appointments, 
Charles W. Carruthers becomes chicf 
engineer for Electromechanical Com- 
ponents Operations, Industrial Com- 
ponents Div., and Glen Wade, associ- 
ate director of engineering-general re- 
search for the Microwave and Power 
Tube Div. 


Caswell B. Neal has joined Electro- 
Optical Systems, Inc., as a_ project 
supervisor in the Electronic Systems 
Div. James D. Burns and Gerard 
R. Selg have joined the Energy Re- 
search and Fluid Physics divisions, 
respectively. 


S. E. Danyow has been appointed 
vice-president, Rocket and Ballistic 
Operations, Rocket Power-Talco Div. 
of Gabriel Co. 
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Fink 


Danyow 


John G. Ziemann has been named 
chief metallurgist of Kelsey-Hayes 
Co.’s Metals Div. Stanley Abkowitz 
joins the division as manager of re- 
fractory metals products develop- 
ment. 


Charles H. Sommer has been elected 
president of Monsanto Chemical Co. 


Daniel J. Fink has been made vice- 
president, research, to head the new 
Research Div. at Allied Research Asso- 
ciates, Inc., and Roger S. Warner Jr., 
vice-president, engineering, to head 
the new Engineering Div. Arthur 
Winston becomes chief scientist in 
the Research Div., and Claude Bren- 
ner, chief engineer in the Engineering 
Div. 


Robert F. O'Neill has been pro- 
moted to manufacturing manager of 
Standard Steel Corp.’s Cambridge Div. 


Harry A. Sandberg has joined Rose- 
mount Engineering Co. as head of 
manufacturing. 


James S. Locke, vice-president of 
Minneapolis-Honeywell Regulator Co., 
becomes vice-president and general 
manager of the Brown Instruments 
Div. 


Lt. Gen. James M. Gavin (USA- 
Ret.) has been elected president of 
Arthur D. Little, Inc. 


Sydney Shrage and Andrew J. Kubic 
have joined Thompson Ramo Wool- 
dridge as senior project engineer and 
engineering specialist, respectively, in 
the Power Systems Product Develop- 
ment, Tapco Group. 


Don Conroy, area chief, field liaison 
engineering, will head McCormick 
Selph Associates’ new Los Angeles 
liaison office. 


James Marmor has been appointed 
contract coordinator, Military Products 
Dept., Marketing Div. of Garlock 
Packing Co. He formerly was techni- 
cal coordinator, Polaris program, at 
Lockheed’s Missile and Space Div. 


John F. Gall has been appointed 
manager of Pennsalt Chemicals Corp.’s 
new Research Products Development 
Dept., Technical Div. 


Warner Locke 


Raymond S. Stewart has _ been 
named government liaison engineer for 
Texas Instruments, Inc., Metals & Con- 
trols Div., and for TI’s nuclear-fuel- 
fabricating subsidiary, M&C Nuclear, 
Inc. 


Kenneth H. Jacobs and G. Daniel 
Brewer have been appointed assistant 
vice-presidents of Grand Central 
Rocket Co. Jacobs is currently direc- 
tor of engineering. 


George S. Vermilyea, former execu- 
tive vice-president of Nems-Clarke 
Co., a division of Vitro Corp. of 
America, has been elected president of 
the division. Vernon M. Setterholm 
becomes vice-president; Wayne G. 
Shaffer and John C. Geist have been 
promoted to director and associate 
director, respectively, of the Silver 
Spring Laboratory. 


F. Hamilton Wright has joined the 
technical staff of Space Electronics 
Corp. 


W. A. Kerr becomes manager of the 
new Military Products Div. of Bausch 
& Lomb Optical Co. L. S. Packer will 
head the Research and Engineering 
Dept. in the division, and C. N. Hen- 
dershott, Manufacturing Dept. 


At the Pesco Products Div. of Borg- 
Warner Corp., J. F. Murray has been 
appointed director of engineering; 
Thomas D. Carpenter, manager, future 
product planning; and Louis J. 
Schafer, project manager. 


In the Missile Products Div. of Beck- 
man & Whitley, Inc., Clarence H. 
Carlton and Ronald Lewis have been 
named chief engineer and chief design 
engineer, respectively. In the R&D 
Div., Howard Einhorn and Warren 
Wheeler have taken charge of the 
model shop and test-site facility, re- 
spectively, and Clarence Lykam joins 
the group as engineering assistant on 
design and modification of instrumen- 
tation. Fred W. Stang has joined the 
Meteorological Products Dept. of the 
Instrumentation Div. as an applications 
engineer. 


Herman Blumenthal has been ap- 
pointed research director of Chromal- 
loy Div. | (CONTINUED ON PAGE 86) 
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TAPE AND MICROSECONDS are essential to missile development. 


Instruments must record every function against time...in fractions often finer than one ten-thousandth of a 
second. Reams of electronic and optical data must be collected, reduced and evaluated before any missile 
can become operational. Vitro designed, built and helped instrument the Air Force missile test center at 
Eglin Air Force Base, Florida. Today it operates the center's test ranges and tracking stations throughout 
the Southeast. At Eglin, Vitro and the Air Force, working as a team since 1952, are responsible for checkout 
of missiles, rockets, weapon systems, countermeasures, space probe vehicles and bombing techniques. 
Beyond this Florida site, other Vitro capabilities: underwater (torpedo) and electronic environmental ranges. 


Vitra LABORATORIES 


A DIVISION OF VITRO CORPORATION OF AMERICA 
SILVER SPRING, MD. e WEST ORANGE, N. J. ¢ EGLIN AFB, FLA. 


SCIENTISTS AND ENGINEERS: JOIN THIS TEAM. 


May 1960 / Astronautics 83 


a 
* 
e 
. 
| © 
een 
for | 
on- | 
ie]- 
-ar, * 
tral | 
| 
cu- 
a 6 | 
of 
of 
en 
ite 
he | 
he * 
1€ 
ill 
ig 
n- 
g- 
n 
re 
n 
n 
D 
n 
ie 
n 
S 
| 


Compiled by C. P. King, Waterials and Process Section, The Marquardt Corp., Van Nuys, Calif. 


TITANIUM ALLOYS 


Although titanium has been used in air- 
craft and missiles for little more than 10 
years, it has already become an indespens- 
able metal because of its light weight, 
high strength, and excellent resistance to 
corrosion. In this short time, over 20 
alloys have been developed and the non- 
alloyed grades are still in use. Commer- 
cial and semicommercial titanium mill 
products fall into four classifications: 
Commercially pure, alpha-beta alloys, 
alpha alloys, and beta alloys. 

Of the many alloys developed, the great 
majority belong in the alpha-beta group. 
The table shows the titanium grades of 
commercial interest. However, five spe- 
cific compositions account for the larger 
part of the titanium used in aircraft and 
missile applications. These are compared 
in strength in the two graphs. 


Fabrication 


Commercially pure titanium is fairly 
simple to fabricate and is used where ease 
of fabrication is the primary considera- 
tion. In sheet form, most operations on 
the commercially pure form may be con- 
ducted cold, but the alloys of titanium 
need temperatures between 500 and 1000 
F. Spinning, drawing, stretch forming, 
and rubber forming are all applicable. 

Forging of titanium and its alloys is 
widely used. Titanium is more difficult 
to machine than conventional metals and, 
in general, low speeds, heavy cuts, and 
ample coolant should be employed. 


Joining 

Fusion welding of titanium requires 
considerably more care than most other 
metals. However, good welds may be ob- 
tained. Resistance welding offers no 
problem, and brazing is also used to a 
limited extent. 


Castings 


Because of the extremely reactive na- 
ture of titanium in the liquid state, the 
production of castings in this metal has 
been extremely limited. However, some 
castings are being made using consumable 
electrode arc furnaces and casting in vac- 
uum into rammed graphite-mix molds. 
The 5Al]-2.5Sn and 6AI-4V alloys have 
accounted for most of the castings poured, 
although the 13V-11Cr-3Al alloy is now 
being cast as well. 


Applications 


Titanium sheet alloys have found wide 
application in such parts as pressure ves- 
sels, rocket cases, skins, ducts, and 
shrouds. Bars and forgings are widely 
used for jet engine compressor compo- 
nents such as rings, blades, and spacer 
housings. Titanium alloys are also finding 
wide acceptance in the fastener industry, 
where screws, nuts, bolts, and rivets are 
being produced. 


Physical Properties 
The 13V-11Cr-3Al composition is the 


Producer’s Designations for Titanium Alloys 


General Designation 
(Based on Chemical 


Composition) Mallory-Sharon 
MST-40 
MST-55 
Commercially Pure 
MST-70 


5A1-2.5$n MST-5A1-2.5$n 
6A1-4V MST-6A1-4V 
4A1-3Mo-1V 
4A1-4Mn MST-4Mn-4A1 
8Mn MST-8Mn 
5A1-2.75Cr-1.25Fe 
5A1-1.5Fe-1.5Cr-1.2Mo 
7A1-4Mo 
8A1-82Zr-1Cb + Ta MST-881 


13V-11Cr-3A1 = 
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Producers’s Designation 


Crucible Republic TMCA 
A-40 RS-40 Ti-40A 
A-55 RS-55 Ti-55A 
Ti-65A 
A-70 RS-70 
Ti-75A 
Ti-100A 
A-110AT RS-110C Ti-5A1-2.5Sn 
C-120AV RS-120A Ti-6A1-4V 
C-115AMoV RS-115 Ti-4A1-3Mo-1V 
C-130AM RS-130 _ 
C-110M RS-110B 
RS-140 _ 
_ Ti-155A 
C-135AMo RS-135 Ti-7A1-4Mo 
B-120VCA RS-120B Ti-13V-11Cr-3A1 


heaviest titanium alloy, with a density of 
0.175 Ib/cu in. The commercially pure 
grades and the other alloys vary between 
0.160 and 0.163 lb/cu in. The co- 
efficient of linear expansion of commer- 
cially pure titanium is 10.0 Btu/hr/sq ft/ 
F/ft at 800 F. The alloys of titanium 
vary between 6.8 and 7.2 Btu/hr/sq ft/F/ 
ft at 800 F. 


Available Forms 


The 4Al-3Mo-1V alloy is available in 
the sheet form only. Commercially pure 
titanium and other commonly used alloys 
(5A1-2.5Sn, 6Al-4V and 13V-11Cr-3Al) 
may be obtained as sheet, plate, bar, wire, 
and forgings. 


YIELD STRENGTH 
WROUGHT TITANIUM ALLOYS 


CONDITION 
= Aged 
4Al-3Mo-lV =Aged 
6Al-4V 
=Annecied 
=Co ure 


5A1-2.55n 


400. 600. 800 7000 
Temperatures oF 


ULTIMATE TENSILE STRENGTH 
F 
WROUGHT TITANIUM ALLOYS 


CONDITION 
= Aged 
4Al-3Mo-lV = 
6Al-4y 

SAI-2.5Sn 


) 200 400 600 800 1000 
Temperotures °F 
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DEPENDABILITY 


another outstanding attribute of 


DIMAZINE 


unsym-Dimethylhydrazine, VUOMH 


THE STORABLE FUEL 


Performance data on DIMAZINE-powered 
rocket engines in military missiles and satel- 
lite launching vehicles shows DIMAZINE 
to be a highly reliable rocket fuel. 


DIMAZINE provides fast, dependable hy- 
pergolic starts followed by smooth, stable 
combustion and easier shutdowns. Depend- 
able instant readiness is assured for years by 
its outstanding stability during storage in 
missiles. It also has high performance, high 


thermal stability, low freezing point, low 
shock sensitivity, minimum susceptibility to 
contamination and high compatibility with 
almost all metals and appropriate sealing 
materials. 


These manifold advantages combine to 
make DIMAZINE the outstanding storable 
fuel. We will be pleased to work with you 
in evaluating DIMAZINE and to supply 
detailed data on its properties and handling. 


Putting ldeas to Work 


Me FOOD MACHINERY AND CHEMICAL CORPORATION 


FOOD MACHINERY 


Chlior-Alkali Division 


AND CHEMICAL General Sales Offices: 
rain atid 161 E. 42nd STREET, NEW YORK 17 
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contaminants 
off 


BAST! 


HAWS SAFETY SHOWERS 
send torrents of rushing water 
from all angles — washing away 
dangerous irritants in a hurry! 


Slap open the conspicuous “Push 
to Operate” valve. Hard-running 
streams from 10 adjustable noz- 
zles drench victims in seconds. 


You can depend on HAWS for 
the instant, positive first aid so 
vital until medical help arrives. 


This “Safety on tap” can mean 
the difference between temporary 
irritation and permanent injury. 
Get the facts! Write for HAWS 
new safety catalog. Do it today! 


Valve shown 
three-quarters 
open. 


DRENCH SHOWERS 


a product of 


HAWS DRINKING FAUCET COMPANY 
1443 Fourth Street ¢ Berkeley 10, California 


19 Columbus Avenue 
San Francisco 11, California, U.S.A. 
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Export Dept. 


People in the News 


(CONTINUED FROM PAGE 82) 


Benjamin H. Ciscel has joined 
Vought Electronics, a division of 
Chance Vought, as general manager. 


Thracy Petrides, former head of 
U.S. Industries’ Military Systems Plan- 
ning Group, has been appointed direc- 
tor of government programs. 


Sven H. Dodington has been pro- 
moted to technical director of govern- 
ment projects at ITT Laboratories. 
Martin Dubilier has been elected 
president of ITT’s International Elec- 
tric Corp. division. 


J. M. Schmidt, president of the re- 
cently formed Inland Research, Inc., 
specializing in solid rocket propellants, 
has announced the appointment of 
David A. Fletcher, as vice-president, 
technical director, and George L. Graf, 
as manager of product engineering. 


Adm. Sherman E. Burroughs Jr. 
(USN-Ret.) has been named special 
assistant to the president at Librascope 
Div. of General Precision, Inc. 


William H. Emerson has been ap- 
pointed technical manager of micro- 
wave absorbing materials for the 
Sponge Products Div. of B. F. Good- 
rich Co. 


Joseph B. Rice Jr. has been named 
general manager of Burroughs Corps.’ 
new ElectroData Mfg. and Engineer- 
ing Div. 


James A. Burns and Nazzareno P. 
Cedrone have been appointed director 
of long-range planning and technical 
director, respectively, of the Systems 
Div. of Bendix Aviation Corp. 


Stan Burns has been named director 
of engineering, American Electronics, 
Inc., Ground Support Div. Frank E. 
Swatek has joined the company as a 
staff consultant. 


Archer E. Mohr has been named 
manager, production engineering, of 
RCA’s management staff at Mountain- 
top, Pa. 


Arthur W. Keough has been ap- 
pointed quality control manager of the 
Los Angeles division of Avnet Elec- 
tronics Corp. 


Samuel Feinstein is the new man- 
ager of the Applied Research Labora- 
tory at Servomechanisms, Inc. 


Varian Associates has appointed 
Paul B. Hunter, Theodore Moreno, 
and Emery H. Rogers, vice-presidents 
of patents, Tube Div., and Instrument 
Div., respectively. 


R. C. Jones has been named acting 


Petrides 


Ciscel 


supervisor of the new Plasma Physics 
Branch established at the Physical Sci- 
ences Laboratory of Melpar, Inc. 


William W. Wood Jr., formerly 
vice-president, simulator engineering, 
Link Div. of General Precision, Inc., 
has been elected executive vice-presi- 
dent, development and_ engineering 
and also has been named a director 
of GPI. Hugh M. Williams becomes 
vice-president in charge of Link's 
Western Laboratories; Edward W. 
Sheridan, manager of Eastern Labora- 
tories. 


George E. Holbrook, vice-president, 
director, and executive committee 
member of E. I. du Pont de Nemours 
& Co., has been elected vice-president 
of the Engineers Joint Council. 


HONORS 


Eugene Stone Love, assistant chief 
of NASA’s Aero-Physics Div., Langley 
Field, Va., has been selected by the 
National Civil Service League to re- 
ceive an award as one of the top ten 
career men in the Federal government 


for 1960. 


Kenneth A. Norton, chief of Radio 
Propagation Engineering Div. at Boul- 
der (Colo.) Laboratories of the Na- 
tional Bureau of Standards has been 
named to receive the 1960 Harry Dia- 
mond Memorial Award of the IRE for 
“contributions to the understanding of 
radio wave propagation.” 


The second annual Republic Avia- 
tion college scholarship award has 
been won by a 17-year-old East Islip 
high school senior, James H. Rillings. 

o¢ 


Underwater Nuclear Jet 
Engine Patent Applied For 


A patent application on a nuclear 
jet engine (turbo or ram) for propel- 
ling submarines and surface vessels 
has been filed with the U.S. Patent 
Office by Boeing Aircraft in the name 
of L. J. McMurtrey of its advanced 
engineering group. According to the 
patent application, a submarine with 
a 2-ft-diam-nozzle engine could travel 
at more than 100 mph. 
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“=< IN THE SERVICE OF SPACE... 


... Fhe Budd Company ‘‘teams up’”’ men, minds and machines in a continuous creative 
effort—backed by the most modern and comprehensive research and testing facil- 
ities. The closely integrated work of its divisions and subsidiaries results in ideas, 
products and processes of great value in the design and production of a wide range 
of aircraft, missiles and rockets. 


e SpaceAtomics Division—A leader in 
the development and fabrication of ad- 
vanced aerospace and atomics struc- 
tures, coupling a broad research and 
engineering capability with extensive 
prototype and production facilities. 


e Instruments Division—A complete line 
of physical testing equipment, Metal- 
Film strain gages, standard and custom 
load cells, and a unique PhotoStress 
technique for direct strain measurements 
—all can be tailored to aircraft industry 
requirements. 


In addition, complete line of gamma 
radiography equipment for nondestruc- 
tive testing, providing beam, panoramic 
and internal exposures in shop and field. 
Inaccessible airframe areas are readily 
reached by small radioactive sources. 


THE Mi 


e Continental-Diamond Fibre Corpo- 
ration—a pioneer in the development 
and manufacture of special high-heat 
resistant materials for ablation appli- 
cations, laminated and molded plasties, 
vulcanized fibre, and bonded mica in 
the form of sheets, rods, tubes and tapes. 


Budd Lewyt Electronics, Inc.—M anu- 
facturer of special-purpose data proc- 
essing systems; communications equip- 
ment; instrumentation; products for 
the environmental control of electronic 
equipment. 


e Electronic Controls Section— Devel- 
oper and producer of Monautronic Re- 
sistance Welding Controls—the first to ‘4 Sf y 
use feedback principle. Controls assure 

consistently good welds—so vital to 
the aircraft industry—by compensat- 
ing automatically for all variables. 


COMPANY 


PHILADELPHIA 32, PA., WASHINGTON 6, D.C., LOS ANGELES 23, CAL. 
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Telebit 
(CONTINUED FROM PAGE 27 ) 


relatively crudely in the first rocket 
boosts and then successively improve 
the accuracy of the flight path by in- 
troducing small velocity corrections as 
the vehicle moves toward its goal. 
With plenty of time available, it is 
possible to make a number of measure- 
ments of the position of the vehicle 
and essentially integrate over the sum 
of the measurements before introduc- 
ing a vernier correction. This smooth- 
ing of the apparent position of the ve- 
hicle permits a marked reduction in 
the single-point accuracy requirements 
of the tracking equipment. 


Relatively Few Functions 


The information rate required for 
telemetry in space vehicles is consid- 
erably less than that associated with 
the remote control of the flight of air- 
craft or missiles, both of which incor- 
porate a large number of rapidly 
changing functions which must be 
monitored on the ground. The nor- 
mal bandwidth for missile telemetry 
may involve hundreds of kilocycles of 
channel capacity and tens of kilobits 
of information capacity. In the case 
of the space vehicle, however, the 
number of functions to watch is rela- 
tively few, and changes relatively 
slowly. The information transmission 
rate is at least an order of magnitude 
below that of missiles. As a matter 
of fact, because of the length of time 
a space vehicle must be monitored, 
an information transmission rate com- 
parable to a missile’s would soon satu- 


rate any data recording and reduction 
center on earth. 

In guiding an aircraft or a missile 
from the ground, we need real-time 
commands and a means for immedi- 
ately sensing the response to these 
commands. But we can take half an 
hour to transmit a command to the 
space vehicle, and we can monitor the 
response on a_ similar time scale. 
Thus a considerable simplification in 
the command structure of the system 
is possible. On the other hand, the 
number of different commands that 
need to be sent to a space vehicle is 
considerably larger than required for 
normal guidance of a missile or air- 
craft. In addition to steering the 
space vehicle, we need to turn trans- 
mitters on and off, alter the function 
of experimental apparatus, or change 
bandwidth or pulse rate of telemetry. 
Explorer VI, as a case in point, em- 
ployed 14 separate commands. 

The fact that the space vehicle must 
operate for a comparatively long time 
forces its total energy requirement to 
be very much larger than that of a 
missile. Thus an important consider- 
ation in space vehicles is to minimize 
the power (and the weight that goes 
linearly with power) needed by the 
vehicle’s equipment, and in fact this 
goal becomes the overriding concern 
in most of the presently designed or 
contemplated space probes. 

All of these factors, then, lead to 
the possibility and the need for an in- 
tegrated telemetry, tracking, and com- 
mand system. 

Pioneer I, launched in October 
1958, was the first space probe to use 
a partially integrated system. The ve- 
hicle receiver was phaselocked to a 


Smoothing-Time Effect on Accuracy of Midcourse Tracking 
in Venus Trajectory 
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ground receiver, and the coherent 
transmitter in the vehicle could be 
modulated for telemetry on command, 
The development of the later vehicles 
in this Able series (Explorer VI and 
the two Able-4’s) resulted in a fully 
integrated system, incorporating both 
airborne and ground equipment. The 
system had to meet five requirements; 
Minimum airborne power, light weight 
(in the vehicle), long life, high relia- 
bility, and an operating range of 50 
million miles. In addition, the ability 
to vary the information rate on com- 
mand was incorporated, so that the 
relatively large amount of information 
which can be transmitted at close 
ranges is reduced as range increases 
to maintain a usable signal-to-noise 
ratio. 


Telebit Principles 


Let us look first at certain principles 
underlying the Telebit system. 

Of the six parameters which de- 
scribe uniquely the trajectory of a 
space vehicle (elevation, azimuth, 
range, and rate of change of these), 
independent and repeated measure- 
ments of any three will suffice to ob- 
tain the ephemeris of the vehicle. In 
theory, three independent measure- 
ments of velocity are sufficient if si- 
multaneously made from separate 
points on the earth, although it is more 
practical to make measurement of 
three parameters from one ground site. 
You can measure, for example, one 
angle, the range, and the velocity; or 
two angles and the range. It turns 
out that for space systems, the meas- 
urement of two angles and the veloc- 
ity leads to the best integrated sys- 
tem. The angles are obtained from 
the elevation and azimuth angles of 
the ground antenna as it tracks the fhnology, ca 
vehicle, and the radial velocity is ob- fly equipped 
tained from the Doppler shift of the — most comf 
received signal. F finest elect 

To obtain and apply these measure- [Philco leade 
ments involves a ground transmitter ~ World. Anc 
and receiver, a sensitive directional 


hilco | 


space and i 
tronics pla’ 


antenna on the ground, an airborne | Weapons Sy: 
transponder, and a computational cen- | Sommunicat 
Air Traffic C 


ter geared to take these data over a 
period of time and _ integrate the 
point-by-point measurements to pro- 
vide a smooth trajectory. In addition, 
the center must calculate the differ- 
ence between the existing and the de- 
sired trajectories and determine what 
increment of velocity needs to be ap- 
plied at what moment to make the ve- 
hicle arrive at a given point in space 
at a given time. Once these calcula- 
tions have been made, you have to be eA 

able to transmit the appropriate com- WMN0U 
mands to the vehicle and the vehicle 
must have means to translate these 
commands into the correct action. 
Two basic characteristics which follow 
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hilco pioneers in advanced electronics... 


space and in the air, on land, on sea, and in the ocean depths —wherever advanced 
tronics plays its part—you will find dramatic proof of Philco leadership in 
hnology, capacity and versatility. For here is an organization fully staffed and 
ly equipped to pioneer and contribute in every phase of the art . . . to solve 

f most complex problems . . . to create totally new devices . . . to manufacture 
finest electronic products and systems. 

Philco leadership in the field of advanced electronics is recognized throughout 

e world. And Philco stands ready to serve. Look to the leader... look to Philco. 


Weapons Systems « Satellites « Space Instrumentation « Guided Missiles » Global vd 
Communications « Radar « Data Links « Fire Control Systems « Underwater Ordnance « 
Air Traffic Control » Data Processing Systems « Closed Circuit TV . 


a and Industrial Group, Philadelphia 44, Pennsylvania A 
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and Weapons Systems Division Computer Division 
ra Electronic Division e Western Development Laboratories 
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Information Bandwidth vs. Range for Three Ground-Antenna Sizes 
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RANGE IN MILLIONS OF NAUTICAL MILES 


from this navigation system are that 
the brains—the complexity needed for 
interpretation, calculation, and fore- 
casting—and the beef needed for mak- 
ing tracking measurements remain on 
the ground. 

The accuracies made possible by 
such navigation of a space vehicle, re- 
lying as it does on smoothing trajec- 
tories over fairly long periods of time, 
are best illustrated by specific exam- 
ples. R.C. Booton of STL has calcu- 
lated the reductions in trajectory er- 
rors made possible by smoothing time 
for two missions. For a vehicle in a 
circular orbit about the earth at an al- 
titude of approximately 20,000 miles, 
the period of the orbit will be known 
to within 21.5 sec after only 6 hr of 
tracking and to within 3 sec after 48 
hr of tracking, assuming one set of 
measurements every hour. If one set 
of measurements is made every 5 min, 
the period is known to within half a 
second after 48 hr. A similar accu- 
racy could be obtained by the hourly 
measurements, of course, if the time of 
tracking were extended to 576 hr. 
Booton assumed angle measurements 
here to an accuracy of 1 milliradian 
and velocity to 1 fps, both of which 
are within the capability of present 
equipment. The graph on page 88 
shows the phenomenal increase in 
tracking accuracy obtained by smooth- 
ing on a ballistic trajectory to Venus. 
For this mission, the accuracy of the 
vehicle’s velocity can be known to 
within 0.05 fps after 100 days of track- 
ing, although initially it is known to 
only 1 fps. 

The fundamental parameter of 
space communication is the energy per 
bit of information to be transmitted; 
and the fundamental limitation on 
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communication is the effective power 
that can be used in the system. This 
basic limitation divides itself into two 
types of problems: The generation, 
transmission, and reception of power 
on the one hand and the method of 
modulating this energy so that it car- 
ries the information. 


Determining Factors 


The type and quantity of informa- 
tion, of course, is determined by the 
particular space mission and the re- 
quirements of the experiments to be 
performed. The rate of transmission 
is determined by the amount of data 
processing which is carried out in the 
vehicle. The power in a low-altitude 
earth satellite is sufficiently high and 
the range is sufficiently small so that 
sophistication in either modulation 
techniques or in data processing in the 
vehicle is not needed. But, as shown 
in the graph above here, there is a 
sharp decrease in bandwidth at inter- 
planetary ranges, necessitating a large 
degree of sophistication of data proc- 
essing in the interplanetary probe if 
significant information is to be trans- 
mitted. From another aspect, the 
rapid motion of low-altitude satellites 
with respect to the ground requires 
ground antennas of low directivity but 
also a large number of ground stations 
if continuous coverage is to be 
achieved. Lunar or interplanetary ve- 
hicles require no more than three 
ground stations for continuous cover- 
age, but they do need highly directive 
antennas. 

The basic limitations on ground re- 
ception are choice of frequency and 
of preamplifier, since the limitation of 
background noise against which the 


communication system must operate is 
imposed by these factors. Although, 
in general, the higher the operating 
frequency the less the noise, this must 
be weighed against the limiting fact 
that the higher the frequency the more 
critical is the precision of the antenna 
dimensions and the more weight must 
be flown to compensate for reduced 
operating efficiencies. The use of 
parametric and maser preamplifiers in 
ground receivers has now reduced the 
noise from that source well below that 
relating to frequency, and thus the 
limiting noise is determined _princi- 
pally by the antenna. Balancing all 
effects, frequencies between 400 and 
2000 mc appear to be optimum for 
space communications. 

Finally, the need for high power in 
the ground transmitter for sending 
commands to the space vehicle has es- 
tablished the need for diplexing ele- 
ments of very high isolation and low 
loss, since the same large directional 
antenna must be used simultaneously 
for reception of the signal (at about 
10-12 microwatt) from the space ve- 
hicle. Such diplexers are installed at 
the Jodrell Bank antenna in England 
and at the Kanae Point station in Ha- 
wail. 

Present limitations in space ve- 
hicles on weight and power necessi- 
tate intermittent telemetry operation. 
For interplanetary ranges, available 
power permits transmission to the 
ground for only a fraction of the time. 
Thus it is desirable to store measure- 
ments in the vehicle, and readout 
when the transmitter is operated. The 
storage of information and the need 
for very narrow bandwidths lead to 
the choice of a digital telemetry sys- 
tem. The digital system, in addition, 
provides quantized information which 
may be retransmitted without degrada- 
tion and which is easily processed by 
large computers. 

A final problem in the integrated 
system is the mode of transmission of 
commands. Since there are a large 
number of commands and the time of 
transmission may be long, a digital 
command system making use of a bi- 
phase-modulated subcarrier is feasible, 
and close examination indicates that 
it approaches the ideal command sys- 
tem. 


Systems for Space Probes 


Let us turn now to the system that 
has been devised for such probes as 
the Pioneer V now coursing on nearly 
an interplanetary trajectory to Venus. 

The major design objectives of the 
Telebit space navigation and commu- 
nication system were six in number: 
(1) tracking, command, and _ tele- 
metry functions had to operate out to 
ranges of 50 million miles; (2) a six- 
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ENGINEERING TEAMWORK IN SPACE EXPLORATION 


Engineers and scientists interested in 
a wide range of activities will appreciate 
the advanced nature of research and 
development projects under way at JPL. 
These projects include research, basic 
and applied, in Electronics, Solid State 
Physics, Propulsion, Aerodynamics, 
Structures and Materials and the de- 
sign, development and analysis of space 
probes and satellites. Individually re- 
sponsible engineers and scientists work 
together as a thoroughly integrated 


CALIFORNIA 


team in accomplishing the complete 
objective. 

Programs involve guidance, telemet- 
ering, data recording and reduction, 
instrumentation, structures, propul- 
sion, materials, solid state physics, 
components, heat transfer problems 
and systems analysis and are constantly 
influenced by continuing JPL space 
exploration research providing individu- 
als with challenging assignments in 
almost every phase of engineering and 


science. Staff progress in diverse fields 
of activity is constantly being made. 

Pioneering in basic research, applied 
research and development engineering 
in space exploration proves to be a 
stimulating attraction for engineers and 
scientists with innate curiosity and 
intense interest in the future of space 
exploration. 

More men of this type are needed — 
if you believe you are qualified for the 
JPL team, send in your resume today. 


INSTITUTE OF TECHNOLOGY 


JET PROPULSION LABORATORY 


A Research Facility operated for the National Aeronautics and Space Administration 


PASADENA, CALIFORNIA 


Employment opportunities for Engineers and Scientists interested in basic and applied research in these fields: 
COMMUNICATIONS « MICROWAVE «© SERVOMECHANISMS «¢ COMPUTERS « LIQUID AND SOLID PROPULSION 


STRUCTURES ¢ CHEMISTRY « INSTRUMENTATION MATHEMATICS AND SOLID STATE PHYSICS 
Send professional resume, with full qualifications and experience, for our immediate consideration 


May 1960 / Astronautics 91 


dt ars A 
< | 
: 
| T= pe 


month lifetime was desired; (3) sim- 
plification of the probe itself was to be 
traded for complication on the ground; 
(4) both analog and digital measure- 
ments had to be telemetered; (5) 
ground data handling and processing 
of both tracking and telemetry had to 
be reliable and uncomplicated; and 
(6) the system had to be adaptable 
to varied space missions. 

The digital telemetry unit, which is 
the basis of Telebit in the flight ve- 
hicle, is shown in block diagram at 
bottom. This system was designed 
to store the maximum amount of in- 
formation accumulated during trans- 
mitter “off” times while permitting ef- 
ficient transmission of variations in 
measurements during the relatively 
brief “on” times. 

For Explorer VI, 24 separate kinds 
of information were gathered, stored, 
and transmitted by Telebit. Of these 
24, which are listed in the table on 
page 27, only six are discrete occur- 
rences and thus naturally digital. 
The remaining 18 are converted to a 
binary code by comparing the contin- 
uous voltage output from an analog 
measurement against a digital ramp, 
using clock pulses to measure the time 
and hence the amplitude at coinci- 
dence. The digital measurements are 
then applied to a shifting accumula- 
tor, made up of binary scalers and as- 
sociated gating circuits and blocking 
oscillators. Here the data is stored as 
a binary number and then, by using 
the scaler as a shift register, delivered 
in sequence to the biphase modulator 
through a transistorized commutator. 


Definition of a ‘‘Word” 


The information stored in a shifting 
accumulator is called a “word” and 
the commutated sequence of all words 
is called a “frame.” In Telebit, one 
word is composed of 10 information 
pulses, or bits. The number of words 
composing a frame is determined by 
the number of experiments. In Ex- 
plorer VI the frame included 10 words. 
In addition, synchronizing pulses are 
inserted to expedite ground decom- 


Block Diagram of Digital Telemetry 
Unit for Flight Vehicle 
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Simplified Block Diagram of 
Ground Receiver 
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mutation. Two synchronizing pulses 
always having the same form are 
added before each word and one syn- 
chronizing word is added before each 
frame. Thus an entire word consists 
of 12 pulses and an entire frame of 11 
words. 

The information from the experi- 
ments listed in the table on page 27 
is transmitted by the Telebit system 
as shown in the format of the table 
on that page. Word No. 10 in this ta- 
ble subcommutates items 10 through 
24 in the first table, since these 15 
measurements change slowly with 
time and one sample every 16 frames 
is sufficient to characterize them to 
the accuracy desired. With the three 
pulse rates at which Telebit can be 
readout on command—1, 8, or 64 bits 
per sec—approximately 132, 17, or 2 
sec are required to transmit one frame. 

The command receiver is a transis- 
torized, double-conversion, —phase- 
lock-loop unit which produces a co- 
herent output at a rational fraction of 
the received frequency. It can be op- 
erated, on command, with either a 250- 
or 40-cps bandwidth. It operates con- 
tinuously; and, since its bandwidth is 
less than the frequency uncertainty of 
the received signal, it repeatedly 
sweeps over a range of 30 ke searching 
for a carrier. When the receiver ac- 
quires and locks-on a signal from the 
ground, the sweeping stops and the re- 
ceiver can then accept any of 30 pos- 
sible commands. In its role as trans- 
ponder, the same receiver accepts a 
CW signal from the ground and de- 


livers it to the transmitter for trans. 
mission to the ground. 

Commands are recognized and de. 
livered to appropriate circuits in the 
vehicle by the command decoder, 
which responds to the sequence of 
biphase modulated pulses supplied 


by the receiver. The decoder per- 
forms a parity check on the received 
signal, and therefore starts its sequenc- 
ing from the first sync-pulse of the 
digital command message. 


Five-Watt Transmitter Used 


The transmitter, which weighs 
about a pound and operates at an effi. 
ciency of 15 percent, accepts an RF 
signal from the receiver, multiplies it 
eight times in frequency, and ampli- 
fies it to a 5-watt level. In the proc- 
ess, the signal is modulated with a 
1024-cps subcarrier containing the 
time multiplexed pulse-code-modu- 
lated output of the telemetry system. 
Biphase modulation is employed to 
impress the telemetry output on the 
subcarrier. For long ranges, this 5- 
watt transmitter is used to drive a 150- 
watt transmitter. 

On Explorer VI these four flight 
units of the system weigh less than 20 
Ib and require 45 watts. As has been 
noted, each of the four is a functional 
part of the separate goals of tracking, 
telemetry, and command. 

The consequences of the design 
philosophy of placing the burden of 
weight, power, and complexity on the 
ground are several. With a_high- 
power ground transmitter and very 
sensitive ground receiver, the corres- 
ponding flight receiver and transmitter 
can be less sensitive and less power- 
ful, and therefore light in weight and 
relatively simple. Since the ground 
equipment can be repaired, the inclu- 
sion of most of the system complexity, 
and hence of possible malfunctions, at 
ground installations serves to increase 
over-all system reliability. 

For the Span Network, tracking, te- 
lemetry, and command functions are 
provided by four stations, located at 
Cape Canaveral, Manchester, Singa- 
pore, and Hawaii, with Manchester 
and Hawaii conceived as the principal 
stations, since their larger antennas 
permit tracking to the farthest ranges. 
Although there are differences among 
the stations, the role of the station in 
the tracking, telemetry, and command 
system can be shown by using Hawaii 
as an example. 

The principal antenna (see photo on 
page 27) at the Hawaii station is a 60- 
ft parabolic, directive antenna used 
both for transmitting and receiving. 
Once the station has locked on the sig- 
nal from the vehicle, tracking in angle 
is performed with the antenna by nod- 
ding it alternately in elevation and azi- 
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Another Way 

RCA Serves Science 
Through 
Electronics 


THIS IS TIROS... 
Experimental Weather Observer 


This is TIROS—the world’s most advanced television-equipped 
earth satellite. In one giant step it has extended man’s powers 
of continued observation 400 miles into space. The pictures of 
cloud cover and wind patterns it is now sending down are a 
major contribution to the science of meteorology—bringing 
ever closer the day of improved, long-range weather analysis 
and forecasting. 

The entire TIROS satellite, its component systems and asso- 
ciated ground equipments were developed and built by RCA’s 
Astro-Electronic Products Division for the National Aero- 
nautic and Space Administration under the technical direction 
of the U. S. Army Signal Research and Development Labora- 
tory. Included in the satellite are two TV cameras equipped 
with shutters so they can take still pictures, tape recorders to 


RADIO CORPORATION OF AMERICA 


Astro-Electronic Products Division 


© Ground-based equipment and data processing techniques—another AEP capability. 


store the pictures when out of ground station range, TV trans- 
mitters, command receivers and timing clocks for function 
control, radio beacons and telemetry equipment, and numer- 
ous auxiliary devices to control satellite dynamics. Power is 
supplied by storage batteries recharged by an array of 9200 
solar cells which convert the sun’s energy into electricity. 

Significant as it is, TIROS is a beginning, not an end. Future 
satellites and space probes will be far more complex. Yet they 
will grow out of the experience and capabilities in space elec- 
tronics, satellite dynamics and structural loading techniques 
that made Project TIROS a reality. To find out how you can 
draw on this unique research and development capability, get 
in touch with the Marketing Manager, RCA Astro-Electronic 
Products Division, Princeton, N. J. 


Princeton, N.J. 


May 1960 / Astronautics 93 


ns- 
le 
he \ 
er 
\ 
of \ 
ed 
he Ga * x 
gn : \ 
of — 
nd 
nd 
lu- 
ty, 
at 
se 
te- 
re 
at 
| 
rer | 
yal 
jas 
oS. 
ng 
in 
nd 
aii 
on 
()- 
od | 
= 
g- | a 
\ 
d- 


Information Rate vs. Range for Future Systems 
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ATS 


| TON TRANSMISSION SYSTEM, 
RECEIVING ANTENNA ON GROUND 


250 FT. 


10 TON 


1000 FT. 


INFORMATION RATE (BITS/SEC) 
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a muth. Separate measurements to 0.1- metric amplifier with a noise figure of 


deg accuracy every 2 or 3 min are 

possible by this means. In addition 

to the parabolic antenna, a five-ele- 

ment helical array is also used. Unlike 
= the paraboloid this is fixed in fre- 
F. quency, but it is remotely steered in 
: the same fashion. Gain of these an- 
tennas at 400 mc is approximately 34 
db for the paraboloid and 25 db for 
the helix array. 

Doppler measurements are made 
possible by comparing the carricr 
transmitted to the space vehicle with 
the carrier coherently transponded in 
the vehicle and returned to the ground. 
The signal is offset in frequency to per- 
mit separation on the ground, but re- 
moving the offset on the ground per- 
mits the automatic readout of the two- 
way Doppler shift. This permits the 
measurement of the vehicle’s velocity 
to | fps. 

A phaselocked-loop receiver and cor- 
relation detection is used on the 
ground. With this equipment a te- 
lemetry signal heavily masked in noise 
can be recognized by comparing the 
received modulation with a reference 
modulation generated in the receiver. 
A block diagram of the receiver is 
shown on page 92. 

The minimum detectable signal is 
—160 dbm at the ground antenna. 
Preamplification is provided by a para- 
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about 2 db. 

The digital information in the output 
of the receiver is decoded and punched 
onto paper teletype tape, along with 
interlaced time signals based on a 
very stable crystal oscillator accurate 
to one part in 10%. The perforated 
tape is used to teletype quick-look 
data to a control center in Los Angeles. 

The ground transmitter derives its 
frequency from the same oscillator 
and, through a conventional chain of 
modulators, multipliers, and power 
amplifiers, supplies 10 kw to the di- 
plexer. The diplexer separates the re- 
ceived and transmitted signals going 
from and to the antenna. 


Command Link Satisfactory 


During the two months that contact 
was maintained with Explorer VI, op- 
eration of the command link to the 
satellite was quite satisfactory. For 
example, the satellite’s 5-watt trans- 
mitter was commanded 59 times, for 
periods ranging from 2 to 86 min. 
Telebit was readout at 1 and 64 pps 
to check its operation, although 8 pps 
was the normal information rate. The 
television system was commanded 16 
times. 

Tracking operations were quite suc- 
cessful. Doppler and angular meas- 


urements were relayed to Los Angeles 
from Florida immediately after launch, 
and 5 min after burnout additional 
measurements were being received 
from Manchester, England. Within 
an hour after launch the trajectory of 
the satellite was known accurately 
enough to make the decision that the 
orbital-adjustment rocket need not be 
fired. 

The effect of smoothing on the ac- 
curacy of tracking of Explorer VI was 
notable. Substantial reductions in the 
error with which the initial orbit was 
known occurred during the first few 
hours after launch. The knowledge of 
the position of the vehicle was known 
to within less than 1 n.mi. after 18 hr, 
the azimuth to within 0.1 deg, the 
angle of velocity vector at burnout to 
within 0.005 deg, and the velocity to 
within 0.03 fps. These same param- 
eters had been known respectively to 
within 47 n.mi., 4 deg, 1 deg, and 162 
fps after the first half-hour or so of 
tracking. 


Telebit Test Results 


On Explorer VI, Telebit information 
was redundant to data supplied by an 
analog system like the one carried in 
Pioneer’s I and II. Data from the two 
telemetry systems showed no signifi- 
cant disagreement; but a few hours 
after launch the subcommutated meas- 
urements in word 10 of Telebit began 
to disagree consistently with the same 
measurements provided by the analog 
telemetry. Analysis indicates that the 
Telebit readings are probably correct. 

We can look at the micrometeorite 
count as an example of the readout of 
experimental results by Telebit. The 
micrometeorite detector counts the 
number of particles which strike a dia- 
phragm on the shell of the satellite, 
and separates these counts into two 
groups by the use of two threshold 
levels. Word 3 of the digital frame 
uses its first three bits for the high- 
momentum counts (particles with 
energy level of 5 x 10° gm-cm/sec or 
higher), which are divided by two be- 
fore insertion, and the remaining seven 
bits for low-momentum counts (par- 
ticles below that energy level down to 
the minimum detection threshold of 
5 X 10* gm-cm/sec), which are di- 
vided by four before insertion. 

When Word 3 reads 01’000’110- 
1001, as it did for 19 min on August 
7, and does not change during that 
time, we know that no hits occurred 
during those 19 min and that 4 x 105, 
or 420, low-momentum hits and no 
high-momentum hits registered from 
liftoff to that time. When the register 
changes from 01’001’/1110101 (117 
low momentum and | high momentum 
register) at one readout to 01’011’000- 
0100 (4 low momentum and 3 high 
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COMVIRONMENTS... 


(A New Word In Space-Age Technology ) 


... translation: “Combined Environments.” 
STELLARDYNE’S Combined Environments Facil- 
ity simultaneously submits a test unit to any com- 
binations of vibration, acceleration, altitude, high 
and low temperature and humidity concurrent with 
functional operation. 


In addition, STELLARDYNE is equipped to provide, 
per Military Specification, novel single or simple 
environments such as simulation of radiant heat from 
rocket engines, as well as combinations of environ- 
ments such as high and low temperatures with 


vibration and acceleration. Particular skill has been 
attained in simulating transient environments, like 
the rapidly-changing fluid and gaseous temperatures 
occurring in aircraft and missile systems during 
flight. For example, gas temperatures can be con- 
trolled from — 300° to + 800°F, and water-flows 
from 0 to 10,000 gpm in a fraction of a second. These 
are just a few of the many capabilities that make 
STELLARDYNE another word for Space-Age 
“COMVIRONMENTS.” 


STELLARDYNE can test and report on any 
product or component in any dimension or environ- 
ment, as well as in combinations of environments. 
Whatever your requirement — if you need answers 
—STELLARDYNE can help you, reliably, expedi- 
tiously and economically. Your inquiry is invited. 


STELLARDYNE 


LABORATORIES, INC. 
1525 Cuyamaca Street ¢ Gillespie Field 
El Cajon, California 


Dial Hickory 4-TEST or HI 2-1693 
Los Angeles: STate 2-7679 


WRITE TODAY FOR ILLUSTRATED FACILITIES BROCHURE 
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digital 
computer 
designers 


The Crosley Division of Aveo 
Corporation has openings for elec- 
tronic engineers with from two to 
ten years’ experience for unusually 
responsible positions involving digi- 
tal computer and data processing 
equipment design. 


At Crosley, all projects offer engi- 
neers of talent and capability un- 
limited challenge and definite 
authority. An alert, aggressive man- 
agement team provides maximum 
support and backing to each of the 
outstanding professional teams work- 
ing on the frontiers of data process- 
ing for industrial systems. 


Now is your opportunity to grow 
your own career in this new and 
exciting field. Experienced personnel 
can choose: 

e transistorized circuit design 

e digital systems design 

e logic design 
For complete information, write or 
call: 

Mr. P. B. Olney 

Manager of Scientific and 

Administrative Personnel 

Department R-50 

Crosley Division 

Avco Corporation 

1329 Arlington Street 

Cincinnati 25, Ohio 

Phone: KIrby 1-6600. 


AVES 
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momentum) at the next readout, as 
occurred early in September, we 
know that 60 additional low impacts 
have taken place in the interval (since 
the low-momentum scaler recycles at 
128) and also 2 high-momentum im- 
pacts. 

Although the integrated space navi- 
gation and communication system 
meets the original goal laid out for it 
and although it operated satisfactorily 
with Explorer VI, several steps remain 
to be taken. The Pioneer V launch 
will attempt to test the system out to 
its maximum range of 50 million miles, 
and effort should be directed to ex- 
tending that range and the utility of 
the system. 

Two promising avenues for futher 
investigation in the telemetry unit are 
the use of biphase modulation of the 
carrier, with a resultant signal-to-noise 
improvement of approximately 8 db, 
and the use of multiple bit encoding, 
which should further improve the mod- 
ulation efficiency. 

Another general area of improve- 
ment in the application of the Telebit 
system involves expanding analysis or 
processing of the experimental data 
before transmission. For example, in 
the present Telebit system the micro- 
meteorite count is stored for a period 
of 6 to 10 hr, and thus the trans- 
mission from the satellite to the ground 
provides an average rate for these 
hours and, then, as the experiment is 
readout again, the average rate for a 
21'/,-min interval. A relatively simple 
change in the digital circuit logic 
would permit a record during the 6-hr 
period of the maximum counting rate 
that occurred in any one of the 2!/. 
min intervals, the minimum counting 
rate that occurred in any of the 21/5- 
min intervals, and the time at which 
these maximum and minimum rates oc- 
curred—in addition to the average 
count for the entire period. By skill- 
ful application of such satellite data 
processing, considerable increase in the 
amount of information obtained from 
micrometeorite experiments can be 
achieved without increasing the re- 
quirements on the total information- 
channel capacity. 

Moreover, as data is accumulated, 
the experimenter will be better able to 
define the steps required for the anal- 
ysis of the data. At this point it will 
be possible to program the ground 
computer to perform the mechanical 
part of the data analysis in addition to 
its present task of data reduction. 
This ability to approach the ideal of 
real-time analysis of experimental data 
is perhaps the most important single 
characteristic made possible by the 
digital telemetry system. 

The sensitivity of the flight receiver 
can be improved with present tech- 


niques; but since the receiver is now 
within a few decibels of its theoretical 
limit, not a great deal can be antici- 
pated in this area. 


Directional Antennas 


A large step can be taken, however, 
with directional antennas on the space 
vehicle. If we assume the best para- 
metric amplifiers in the ground re- 
ceiver and equal division of weight 
between antenna and _ transmitter in 
the vehicle, the characteristic param- 
eters of a space-communication system 
may be combined to give the perform- 
ance summarized in the graph on 
page 94. Here information rates 
possible with foreseeable space-com- 
munication systems are plotted against 
range. As can be seen, very large 
amounts of information can be trans- 
mitted rapidly from earth satellites 
with only 10 Ib devoted to the trans- 
mission system in the satellite and a 
60-ft antenna on the ground. <A 200- 
Ib system can transmit 107 bits per sec, 
or a television picture, from the moon. 
For transmission from a satellite or- 
biting Mars or Venus, the 200-lb sys- 
tem would permit 100 bits per sec 
over the entire path of Mars if a 250- 
ft antenna were used on earth. Trans- 
mitting video from this range would 
require between 1 and 10 tons of 
equipment in space and ground anten- 
nas between 250 and 1000 ft in diam. 

Interstellar ranges bring tremendous 
problems. Even with a 10-ton trans- 
mission system and a 1000-ft receiving 


antenna on earth, the information rate 


from the nearest star is so low (1/100 
bit per sec) and the required oscil- 
lator stability so high (one part in 
1012) that such a mission cannot be 
said to be within the state of the art. 
However, with a 1000-ft receiving 
antenna placed in a_ satellite orbit 
about earth to eliminate atmospheric 
attenuation and ground sidelobe reflec- 
tions, interstellar communication be- 
comes a real possibility. Such an an- 
tenna is not the incredible engineering 
feat it might seem at first glance. The 
antenna could be constructed of heavy 
aluminum foil, with its over-all mass a 
small fraction of the equivalent on 
earth. With such an antenna in a 
5000-mile earth orbit and the 10-ton 
transmission system also in space, an 
information rate of 1 bit per sec would 
be possible from Alpha Centauri. ¢¢ 


Movie on Free 
Radicals For Students 


The National Bureau of Standards 
(Office of Technical Information) has 
available for loan or purchase a 13- 
min color movie (16 mm) explaining 
free radicals and free-radical research. 


| 
| 
| 
| 
| 
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LIQUIDOMETER 


complete instrument 
capability 


Design, development, production of electronic 
and electromechanical instrumentation . . . 
for space vehicles, manned aircraft, 

ground support units and test facilities. 
Liquidometer combines the vision of original 
design with the dependability of long 
experience, to qualify as a major source 

of instrument and control systems. 


Our capabilities are outlined in a new booklet, | 
available on request. Dept. AS. | 


THE LIQUIDOMETER Corp. 


LONG ISLAND CITY 1. NEW YORK 


Since 1920 
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PENTABORANE 


Pentaborane is a colorless liquid with a 
characteristic pungent odor which has 
been described as “sickeningly sweet.” 
The compound should not be confused 
with the other existing B; boron hydride, 
BsHi:. This latter compound is unstable. 
The structure of B;Hp is a tetragonal pyra- 
mid with an H atom attached to each 
boron, and a “bridge” hydrogen between 
each neighboring pair of basal boron 
atoms, but slightly below the B, plane. 


Hazards 

Pentaborane is extremely toxic; more so 
than hydrogen cyanide. Every precaution 
should be taken to prevent leakage, and 
self-supplying gas masks should be used. 
A concentration of 14 ppm for 2 hr will 
cause immediate death in mice. A tenta- 
tive maximum allowable concentration of 
0.01 ppm has been adopted for workers 
under exposure for an 8-hr day. Con- 
tact with the eyes or skin should be 
avoided, although the fuel is not  par- 
ticularly toxic by skin absorption — if 
washed off immediately. Safety goggles, 
neoprene gloves, rubber boots, and flame- 


resistant overalls should be worn. The 
median detectable concentration is 2.5 


mg/m*. 

There is also a hazard due to the fact 
that pentaborane exposed to air is flam- 
mable and sometimes pyrophoric. Small 
residues and spills may be decomposed 
safely with methanol or a 1:1 solution of 
methanol in water. Chlorinated sol- 
vents, and particularly CCl,, highly oxy- 
genated solvents, carbon disulfide, and 
solvents with reactive carbonyl groups, 
such as acetone or other ketones or alde- 
hydes, should be avoided, since shock- 
sensitive solutions may be formed. 


Materials for Handling 


Satisfactory metals for use with B;H, in- 
clude anodized aluminum, brass, copper, 
lead, mild steel, and stainless steel. Non- 
metallic materials which are satisfactory 
include dry asbestos, Hycar rubber, poly- 
ethylene, Garlock 230 packing, glyptal 
sealant and, most probably, Kel-F and 
Teflon. Materials which are compatible 
with HEF fuels will probably suffice for 
pentaborane. 


Cost and Availability 

Pentaborane is available in pilot-plant 
quantities and possibly larger amounts, 
but is normally supplied by the Govern- 
ment. The price is very high (over $100 
per pound) but would drop to a more rea- 
sonable amount in larger than laboratory 
quantities, 
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Compiled by Stanley Sarner 


Flight Propulsion Laboratory Dept, 


General Electric Co., Cincinnati 15, Ohio 


Physical Properties of 


Boiling Point 
Freezing Point 
Critical Temperature (estimated) 
Density at 0 C (32 F) 

at 25 C (77 F) 
Vapor Pressure at 25 C (77 F) 
Viscosity at 0 C (32 F) 

at 25 F) 


60.06 C 

—46.75C 
227 

0.644 g/cm? 
0.623 g/cm’ 
0.279 atm 
0.40 centipoise 
0.30 centipoise 


140.11 F 
—52.15 F 
441 F 

40.2 Ib/ft® 
38.9 Ib/ft® 
4.10 psia 


Chemical Properties of B;H, 


Heat of Formation (Liquid) at 25 C 
Heat of Formation (gas) at 25 C 
Heat of Vaporization at 25 C 


Heat of Fusion at Freezing Point 
Heat of Transition at — 136.5 C 
Heat Capacity at 25 C 


Maximum Aliowable Concentration in Air (tentative for 8-hr day) 


+ 7.74 kcal/mole 
+15.02 kcal/mole 
7.28 kcal/mole 
1.468 kcal/mole 
0.430 kcal/mole 
36.12 cal/mole-C 
0.01 ppm 


Theoretical Performance of B;H,* 


Specific Impulse (sec) 


Oxidizer Frozen Flow 
OF. 339 
F, 329 
oO, 313 
309 
293 
CIF; 268 
* Pc = 1000 psia; Pe = 


** Corresponds to equilibrium flow impulse. 


Equilibrium Flow 


367 
360 


306 
290 


1 atm; optimum O/F ratio. 


Chamber Temperature * * 
Deg K 


5169 
5101 
4518 
3400 
4266 
4487 
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Now Offers... 


Aluminum Alkyls 


Multi-Million-Pound Quantities! 


TEAL aco bia ) These high-purity distilled products are now available in commercial 


and 


TIBAL ethane ( quantities from the new Texas Alkyls plant at Houston. 


Applications 


Stereospecific Polyolefin Catalysts: 
Intermediates in the manufacture of catalysts for the production of 
polypropylene, polyethylene, polybutadiene, polyisoprene and other 
olefin polymers. 


Straight-chain Alcohols and Alpha Olefins: 
Intermediates for making primary straight-chain compounds. 


PYROPHORIC FUELS: 
Efficient self-igniting fuels gaining 
acceptance for rockets and missiles. 


Gas Plating of Aluminum: 
As a source of aluminum in a versatile new process for preparing 
aluminum coatings on a variety of materials. 


Chemical Intermediates: 
These versatile new metal-organics present interesting possibilities for 
use in growth reactions, olefin displacement, oxidation and hydrolysis, 
formation of complex salts and other metal alkyls and as reducing agents. 


Also available in commercial quantities are Diethy! Aluminum Chloride, Diisobuty! Aluminum 
Hydride and Ethyl Aluminum Sesquichloride. We plan to produce other alkyl aluminum hydrides, 
chlorides and higher (Ce, Cs, Cio) aluminum trialkyls. We invite your inquiry for additional 


technical information. 
| 


TEXAS ALKYLS, INc. 
STAUFFER CHEMICAL COMPANY 


covered by patents and pending applications of Karl Ziegler of 


Muelheim, Germany; purchase of these materials does not include 


the right to practice under such patents or patent applications. 
EXCLUSIVE SALES AGENT } 
| 


New York 17, 380 Madison Ave. / Chicago 1, Prudential Plaza / Los Angeles 17, 824 Wilshire Blvd. / Weston, Mich. 
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Maser, Iraser, and Laser 
( CONTINUED FROM PAGE 39 ) 


ment before being used in the beam. 
It is noteworthy that no special action 
need be taken to put the molecules in 
the desired excited state; nature does 
this for us. The ability to store inco- 
herently gained energy and to later 
emit it in coherent fashion is one of the 
most remarkable and important fea- 
tures of maser action. It offers the 
possibility of generating coherent ra- 
diation in the infrared and optical 
wavelength regions. 

The ammonia maser oscillator makes 
a very stable and rugged driver for an 
atomic clock. Recently, the National 
Aeronautics and Space Administration 
gave Hughes Aircraft Co. a contract 
for laboratory development of such an 
atomic clock ultimately to weigh about 
30 Ib and suitable for use in a satellite. 
Its accuracy should be about three 
parts in 1011, or 1 sec in 1000 years. 
The purpose of the satellite clock 
would be to check the General Theory 
of Relativity, which asserts that clocks 
should undergo gravitational time 
changes. A satellite would be in a 
gravitational field weaker than that at 
the surface of the earth. The satellite 
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clock would be compared with a clock 
on the ground by telemetering. 

How does the clock work? First, it 
is well to realize that the general prin- 
ciples of all types of atomic clocks are 
the same. That is, all use a vibrating 
atom or molecule to give the constant 
“ticking” of the clock. These ticks 
must be counted just as the hands on 
your watch count up and indicate the 
number of oscillations of the balance 
wheel of the watch. As the hands 
move around, they measure the flow 
of time proportional to the number of 
ticks. The virbrations of an atomic 
system are also counted, but by means 
of a servocircuit which synchronizes a 
quartz clock to the atomic vibrations. 


What Makes It Tick 


The maser clock, of course, uses the 
vibrations of the ammonia molecules. 
These molecules look like pyramids, 
having three hydrogen atoms at the 
base and a nitrogen atom at the apex. 
The nitrogen atom bobs up and down 
about 24 billion times a second. These 
are the ticks of the maser clock. Be- 
cause of these vibrations the molecule 
broadcasts or emits these ticks as radio 
waves, which are available as output 
power from the maser oscillator. It is 


these radio waves which ultimately run 
the maser clock by driving the fre- 
quency divider which synchronizes the 
quartz clock. 

The general relativity theory argues 
that a clock runs at a lower rate in a 
higher gravitational field; usually this 
is called the “red shift.” Relativity 
theory changes our basic concepts of 
space and time, the framework used for 
all physical theories. The relativistic 
clock satellite experiment will therefore 
be of fundamental importance for our 
understanding of nature. When the 
relativistic clock satellite experiment is 
done, it will be possible to conduct ad- 
ditional experiments on geophysics and 
the velocity of light without adding 
equipment in the satellite. 

Suppose another  clock-equipped 
ground station is set up so that the sat- 
ellite clock time signals can be received 
at both stations. The relativity meas- 
urements will automatically give the 
time the signals take to get to the sta- 
tions. By triangulation, then, the dis- 
tance between the stations can be 
measured in terms of the known veloc- 
ity of radio waves (or light). Such 
measurements would give the exact 
geometric shape of the earth and could 
be made over inaccessible regions such 
as water or mountains. This experi- 
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ment can be reversed, and the velocity 
of light measured in terms of the dis- 
tance between ground stations. This 
could be done in different directions in 
space over paths of thousands of miles, 
thus checking on whether space is the 
same in all directions—that is, whether 
it is isotropic. The velocity of light 
could be measured for different satel- 
lite speeds, and show whether it is in- 
dependent of the motion of the source, 
as relativity requires. The maser clock 
can also be used for precision Doppler 
navigation of rockets. 

While the beam maser makes a good 
frequency standard and atomic clock, 
it lacks the power output and tuna- 
bility to make a good amplifier. Its 
low power is clearly the result of a rela- 
tively small number of molecules in the 
beam. By packing the molecules den- 
sely, as in a solid, the power output can 
be increased by factors of more than 10 
million. In 1956, N. Bloembergen 
showed a way of doing this by using 
the properties of ions with spinning 
electrons in certain crystals to furnish 
the resonant, tunable transitions. 

Although a crystal with two energy 
levels can be used to make a maser, the 
desired states can no longer be selected 
by physical separation of the ions, as 
in the case of the beam maser using a 


focuser. The solution to the problem 
of changing the thermal equilibrium 
distribution continuously is to use three 
energy levels instead of two. 

A crystal is selected, such as ruby, 
with at least three energy levels un- 
equally spaced. The electrons are con- 
tinuously excited, or “pumped,” from 
the bottom level to the top level by ir- 
radiation at the correct frequency. 
The population of the top level is thus 
made greater than the middle level, so 
that maser action (a net emission of 
power) can occur between these levels. 
In thermal equilibrium the population 
of the levels increases from top to bot- 
tom. When the outer transition is ex- 
cited, a net absorption from the pump- 
ing field occurs, which at most can 
equalize the populations in these two 
levels because transitions can occur 
both ways. If the level separations are 
correct and unequal, equalization of 
the two outer levels can cause the top 
level to be more densely populated 
than the middle level. 

The three-level maser can be de- 
scribed by analogy as similar to a water 
wheel in which water is continuously 


pumped up from a lower reservoir to 
the top of the wheel where it falls and 
generates power by turning the wheel. 
If the water is pumped up discontinu- 


ously and at random by using buckets 
to raise it from the lower reservoir to 
the upper one, where it is stored, the 
wheel can still be turned in a contin- 
uous manner. Similarly, a maser can 
be pumped by incoherent radiation, 
such as light, while still generating a 
continuous wave. At very high fre- 
quencies, the only available radiation- 
pumping generators are incoherent 
ones, such as infrared or optical 
sources. The maser technique thus 
presents the possibility of making co- 
herent optical components, such as 
oscillators and amplifiers. 
Cooling Key to Sensitivity 

A solid-state maser amplifier is so 
sensitive because its crystal can be 
cooled to temperatures as low as de- 
sired (such as that of liquid helium) 
and all the ions emit in phase rather 
than at random. The cooling decreases 
thermal radiation noise, while the co- 
herent emission of the ions stimulated 
by the signal to be amplified adds no 
noise to the amplified output. Signals 
a thousand times weaker than those 
handled by many electron-tube ampli- 
fiers can thus be amplified in a maser 
without being lost in background noise. 

A crystal maser can be tuned over 
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a wide range by varying the magnetic 
field. In a ruby crystal, the spinning 
electrons are in chromium ions within 
the crystal lattice. The energy levels 
of the ion are also determined by inter- 
action with the rest of the crystal lat- 
tice—the internal crystalline fields. 
R. C. Pastor of Hughes has shown that 
this interaction can be changed by put- 


ting the resonant ion of interest into 
different host crystals. Thus the maser 
frequency can also be varied by this 
method, called chemical tuning. 

T. H. Maiman of Hughes has built 
ruby maser amplifiers in which the 
product of gain and bandwidth is over 
100 mc, gain and bandwidth being 
traded, one for the other as desired. 


GREEN — 56004’ 
BLUE — 4100A° 


ABSORPTION BANDS POPULATED BY OPTICAL PUMPING 


R LEVELS 


GROUND STATE 


GROUND STATE ZERO FIELO SPLITTING ABOUT IIKMC 


ENERGY LEVELS IN RUBY 
CHROMIUM ION 


Possibilities for a solid-state optical maser exist in the characteristics of 
ruby crystal, described in the chart above, and in the phenomenon 
shown in the photo below—light “pumping” a Laser. A large syn- 
thetic ruby crystal is on the left, illuminated by light transmitted 
through a quartz pipe, after the light from the lamp on the right is 
filtered by a red filter. The ruby glows throughout its body by emis- 
sion of fluorescent R lines. A color photograph would show the red 
glow from the ruby; the light pipe would appear almost nonillumi- 


nated. 
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Gain-bandwidth products of the order 
of 1000 mc are obtained with double. 
cavity masers. The output power of 
a maser, for a given pumping power, is 
also severly affected by nonradiative 
transitions of excited ions from upper 
to lower levels. This is the normal 
process of thermal relaxation to the 
equilibrium condition, caused by inter- 
actions beween the ions and the crystal 
lattice due to its thermal agitation. 
The energy stored in the upper ion 
level will not be available as useful 
amplifier output if the ion gives up its 
energy to heat the crystal lattice. This 
competition between thermal relax- 
ation and the rate at which ions can be 
pumped into the upper level makes 
many crystals unsuitable for maser 
use. The problem is greatly amelio- 
rated by cooling the crystal. Dr. 
Maiman has succeeded, however, in 
getting maser action in ruby at a tem- 
perature as high as that of dry ice 
(195 K). 


Many Uses in Space Probing 


Solid-state maser amplifiers are 
being used in radars and radio tele- 
scopes, and because of their extreme 
sensitivity are being readied for space 
communication and detection appli- 
cations. Such uses are possible be- 
cause the system antennas are looking 
at the sky (low-temperature space) 
rather than at the warm earth, which 
radiates so much thermal noise it 
would “blind” the sensitive maser to 
the weak signals being detected. The 
maser can increase the number of 
available channels in a communication 
system, such as a global one using sat- 
ellites in orbit as relays. By means of 
maser amplifiers, the range of radio 
telescopes, such as the one installed on 
a 50-ft parabolic antenna at the Naval 
Research Laboratory, has been greatly 
increased, making possible the explo- 
ration of a greater part of the universe 
than heretofore. At Hughes, the range 
of a typical radar has already been 
doubled, equal to what could have 
been achieved by increasing the trans- 
mitter power over 10 times. Further 
improvement is possible. At the Lin- 
coln Laboratories a maser amplifier 
made possible the detection of radar 
echoes from the planet Venus; the 
closest distance of Venus to the earth 
is about 26 million miles. Of course, 
the maser receiver on earth can de- 
crease transmitter power in satellites or 
planetoids. 

One clear direction of maser re- 
search and development in the future 
is toward higher frequencies in the 
millimeter, infrared, and optical bands. 
Here, low-noise amplifiers, such as 
those using parametric methods, are 
not likely to achieve much practical 
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success because of the requirements 
for nonlinear elements and_ high-fre- 
quency pumping power. A maser, 
however, can be pumped by incoherent 
radiation. In addition, no pumping 
power whatever is required in the 
beam maser. 

An optical maser is under develop- 
ment at Columbia Univ. by C. H. 
Townes and his associates. This uses 
potassium (or cesium) vapor and is 
pumped by the violet light from a 
separate potassium-vapor lamp. The 
potassium emits into a cavity made of 
two reflecting endplates in an optical 
interferometer arrangement instead of 
the usual microwave cavity. This al- 
lows the interferometer to select the 
proper mode or wave to couple to the 
emitting atoms in a way which would 
not be possible with an ordinary cavity 
of similarly large size; the latter would 
have too many modes of oscillation 
near the infrared frequency emitted by 
the potassium. Theoretical considera- 
tions indicate the possibility of maser 
action with this method, leading to 
output powers of the order of a milli- 
watt and a spectral width one-million 
times less than that from a vapor lamp. 
The interferometer would generate an 
infrared beam with a width of about 1 
sec of arc—one so narrow and so co- 


herent that, if transmitted to the moon, 
the amplitude of the signal there would 
be of the order of a lamp placed 
nearby. The possibilities here for 
space communication are exciting. 


lraser and Laser 


It would be desirable to make an 
Iraser and Laser using solid-state meth- 
ods, by techniques similar to those de- 
scribed above for potassium vapor. 
The problem, of course, resides in find- 
ing suitable materials. An illustration 
of the possibilities is shown in the 
figure on page 102 giving the energy- 
level diagram of ruby. The “green” 
and “blue” absorption bands (which 
cause ruby to appear red) can be 
populated by pumping with a power- 
ful light source. The pumping can 
be done with a broad source because 
of the bands; and yet, ultimately, by 
radiationless transitions, the energy 
will be concentrated in the R levels. 
The two “red” (R-level) emission lines 
shown in the diagram can, in principle, 
be used for Laser action. The fluores- 
cent R lines can easily be seen; relaxa- 
tion times are good because the transi- 
tions from the R levels are partly for- 
bidden, so that lifetimes of the order 
of milliseconds are obtained. The ac- 


companying photograph shows a large, 
synthetic ruby illuminated by light 
transmitted through a quartz-light pipe 
and red filter. The crystal glows red 
due to the fluorescence of the R lines; 
this is not the same red as in viewing 
the crystal by reflected light. A black 
and white photograph cannot, of 
course, show the characteristics of the 
fluorescence fully. 

If a very coherent microwave or 
infrared-maser source can be made 
bright enough, there might be a possi- 
bility to orbit it around the sun in a 
man-made planetoid while transmit- 
ting back to earth, and to see it with 
a high-resolution telescope when the 
transmitted beam passes near the sun. 
The beam would then be deviated by 
the sun’s gravitational field through 
about 1.75 sec of arc, an amount in- 
dependent of its frequency (diagram 
page 38). This would be caused 
by the nonEuclidean geometry of the 
space near the sun. The light beam has 
weight and follows a straight line, or 
geodesic path, in four-dimensional 
space-time according to the General 
Theory of Relativity. This prediction 
of Einstein has been roughly verified 
by photographing stars whose rays 
pass near the sun during a solar 
eclipse. Since the sun’s brightness at 


“.. Where there is no air to resist their motions, all bodies will move with the greatest freedom.” 


SIR ISAAC NEWTON Principles of Natural Philosophy 


Today, almost three hundred years after Newton’s 
Principia appeared, man is about to satisfy his cent- 
uries-old curiosity concerning space ‘“‘where there is no 
air.” First instruments went. Soon man himself will go. 


Prior to man’s undertaking sustained space voyages 
propulsion systems with efficiencies far exceeding 
those presently available must be developed. 

The scientists and engineers at Electro-Optical 
Systems are in the advanced stages of research and 
development on what may well be a forerunner of 
practical space propulsion systems — the ion engine. 

Other advanced research and development programs 
in areas vital to technological progress in space, mili- 
tary weaponry and industry include: 


Energy Conversion Research and 
Advanced Power Systems 
Heat Rejection in Space 
Molecular Electronics 
Optical Tracking and Guidance 
Space Communications Systems 
Exploding Wire Research 


EOS has professional opportunities for Physicists, Mathematicians and Engineers. 


ELECTRO-OPTICAL SYSTEMS, INC. @ 125 NORTH VINEDO AVE. PASADENA,CALIFORNIA 


S 
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AEROSPACE 
COMPONENTS 
BY LAVELLE 


For many years, major manufacturers have relied on Lavelle 
for the production of precision sheet metal components. 
This experience and reputation for quality can provide the 
modules, chassis, racks and consoles needed to adequately 
support and house complex electronic systems. 


To keep abreast of new developments in parts and assemblies 
for the aerospace age, Lavelle has acquired new production 
facilities, with particular attention to the requirements 
of the electronics industry. Pictured above is a Wiedemann 
RA-41P turret punch press, operated by a Lavelle craftsman 
to produce intricately pierced sheet metal panels used in 
modules and housings such as shown. 


If you require electronic sheet metal components of quality, 
or parts and assemblies for space vehicles, missiles, jet 
engines or airframes—Lavelle has the capability. Write 
for new illustrated facilities brochure. 
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LAVELLE AIRCRAFT CORPORATION - NEWTOWN, BUCKS COUNTY, PA. 


Between Philadelphia, Pa., and Trenton, N..1. 
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microwave or infrared frequencies is 
much less than for visible light, it 
might be possible to see an orbiting 
maser in daylight without an eclipse. 

Since the optical spectral width of, 
for instance, a potassium Iraser is much 
less than that of a gas discharge, the 
effective temperature and brightness of 
an Iraser should be very much higher 
than that of the sun’s surface. The 
use of a maser amplifier to detect the 
signal from the satellite could greatly 
aid in providing the needed sensitivity 
for this experiment. If such a veri- 
fication of Einstein’s theory could be 
made, it would greatly strengthen the 
support for General Relativity and the 
explanation of gravitation in terms of a 
nonEuclidean space-time geometry. 

We can think of this experiment as 
measuring principally the spatial cur- 
vature caused by gravity, whereas the 
satellite clock experiment would meas- 
ure the temporal curvature caused by 
gravity. That is, the first experiment 
depends largely on that component of 
the metric tensor which goes with the 
space coordinates, while the second 
depends on that component which goes 
with the time coordinate. If space- 
time were flat, these components would 
be unity. Because of the gravitational 
field, they depart slightly from unity 
—that is, space-time is “curved.” This 
curvature is measured by these experi- 
ments, which thus supplement each 
other. 


Planetoids May Be Heard 


Planetoids for this experiment may 
not be too far off, since Pioneer V has 
been heard, at the time of writing, at 
distances of over two million miles and 
may eventually be heard up to 50 mil- 
lion miles away with ordinary trans- 
mitter powers of only 150 watts. The 
planetoid experiment requires trans- 
mission for only short periods during 
orbiting. 

These examples indicate the possi- 
bilities of a quantum electronics far be- 
yond the capabilities of free-electron 


devices. o¢ 


New Science Films Available 


A new series of 10 educational films, 
“Horizons of Science,” created by Ed- 
ucational Testing Service, Princeton, 
N. J., aided by NSF grants, is now 
available. Each of the films covers a 
specific science by showing a leading 
scientist in the field going about his 
work. Designed for use in schools, 
the films are being bought primarily 
under corporation and_ foundation 
sponsorship at a cost of $2000 for the 
complete set and then presented as a 
public service to school systems. 
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This “bazooka” type cannon of 1395 fired lead, 


lapidary and finned missiles. Their main disadvan- 
tage — practically impossible to aim or guide to 
its target. The missile was named after Henry VIII 
because he was considered a connoisseur of walking 
sticks which were often used to conceal weapons. 


Today, as a vital part of one of the world’s largest 
electronics companies, Raytheon’s Missile Systems 
Division is making significant contributions to the 
art of missilry. The exciting new Pin Cushion Project 
for selective missile identification, the constantly 
advancing Navy’s air-to-air SPARROW III and 
Army’s HAWK are examples of their outstanding 
creative work. 


We are seeking highly creative people to maintain 
Raytheon’s leadership in this challenging field. For 
these people, Raytheon’s Missile Systems Division 
creates a climate for talent — perhaps your talent. 


[4] 


WALKING S 


TICK 


PRODUCT ENGINEERS ... experienced in elec- 
tronic packaging with knowledge of production 
techniques in sheet metal and electronic equipment. 
Will design electronic portions of guided missiles, 
radars, computers, test equipment. 
SYSTEMS TEST ENGINEERS .. . to evaluate 
all test equipment design . . . tests to be performed 
. .. methods used to perform them. An in-plant posi- 
tion with all the challenges of field work. Full author- 
ity to smooth out trouble spots. Ultimate responsi- 
bility for all parts of all missiles working properly. 
B.S.E.E. or equivalent with plant or field experience 
in missiles, radar, or complex fire control systems. 
Please send detailed resumés or letters to: Mr. 
Robert T. Hodges, Employment Manager, Missile 
Systems Division, Raytheon Company, Andover 


Plant, Andover, Massachusetts. 
19A 
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PEACE TAKES LOT 
WATCHING! 


That’s why the U.S. Navy will send eyes aloft to scan 
the seas and skies beyond our shores. The eyes, with 
this special kind of vision, are early warning aircraft. 
Many will be WF-2 “Tracers”, produced for the Navy 
by Grumman. 


WF-2’s “‘see” via a saucer-shaped radome that 
houses super-sensitive, long-range electronic detec- 
tion equipment. Operating from aircraft carriers far 
out at sea, “Tracers” patrol the extremities of our 
defense perimeter. And, detect the approach of air- 
craft or missiles that might invade the privacy of a 
nation’s peace. 


Bethpage - Long Island - New York 


Low-flying “enemy” aircraft or missiles are unde- 
tected by ground radar because, as the diagram 
shows, the range of ground-level radar extends no 
further than the horizon. 


Detection range is increased appreciably when the 
radar detection equipment is airborne directly over 
the ground installation. 


The scope and effectiveness of radar detection are 
extended dramatically with WF-2’s operating off 
fast, mobile and far-ranging aircraft carriers at sea. 
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QUALIFIED SCIENTISTS AND 


Avco’s magnetic spaceflight— 
When man first travels beyond the moon, the thrust may well be supplied by a new 
system of propulsion, based on principles of magnetohydrodynamics (MHD). This sys- 
tem uses a magnetic field to speed and expel ionized gas for production of thrust. 
Magnetic thrust propulsion is a current project of the Avco-Everett Research Laboratory 


... working to extend the knowledge of man. ‘| 


AVCO CORPORATION, 750 THIRD AVENUE, NEW YORK 17, NEW YORK 
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New 
opportunities 
at Avco in 
space sciences 


The Avco-Everett Research Labora- 
tory is looking for exceptional indi- 
viduals to share in an expanding pro- 
gram of space-age research. 


This program includes exploration 
and development engineering of new 
concepts in these areas: 


e Satellite and Space Vehicle 
Design 


e Electric Propulsion for Space 
Vehicles 


e Generation of Electricity 
through MHD for both Ground 
Station and Space Application 


If you feel your interests and abilities 
will be stimulated by these new proj- 
ects, please write to: 


Dr. Arthur Kantrowitz, Director 
Avco-Everett Research Laboratory 
2385 Revere Beach Parkway 
Everett 49, Massachusetts 


Aveo / 


EVERETT 


RESEARCH 
LABORATORY 


A DIVISION OF AVCO CORPORATION 


In print 


Telemetering Systems by Perry A. 
Borden and W. J. Mayo-Wells, 
Reinhold Publishing Corp., New 
York, 1959, 320 pp., illustrated. 
$8.50. 


Perry A. Borden and Jim Mayo- 
Wells are among the oldest pros in the 
telemetering field. “Telemetering Sys- 
tems,” which is a joint effort, is a well- 
organized book which surveys the field 
of telemetry and industrial telemetry 
applications. An abundance of dia- 
grams, photographs, and system de- 
scriptions will be found between the 
covers and should prove interesting 
reading to the neophyte or nonteleme- 
tering specialist. An adequate bibliog- 
raphy will allow the more interested 
reader to go on into deeper literature 
describing telemetry activities. 

From an engineering point of view, 
the book is slightly disappointing in its 
lack of technical content. However, it 
may prove to be a useful supplement 
to the highly technical book by Nichols 
and Rausch, “Radio Telemetry” pub- 
lished several years ago. 

“Telemetering Systems” may cer- 
tainly be recommended to the propul- 
sion engineer, the industrialist, or the 
stress analyst who is interested in 
knowing what telemetry is and how it 
may help him in his work. 


M. A. Lowy 
Data-Control Systems, Inc. 


Window in the Sky by Homer E 
Newell Jr., McGraw-Hill, New York, 
1959, 105 pp., illustrated. $2.75. 


In these days of excitement about 
deep space and the nature of the 
planets and their atmospheres, the 
existence of our own atmosphere and 
its many interesting properties is some- 
times forgotten by writers. 

The atmosphere is the subject of 
this book of 105 pages. Dr. Newell, 
prolific author and distinguished scien- 
tist, has called the atmosphere the 
“window” through which we look to 
the sky. In 19 chapters, illustrated 
profusely with sketches, he shows that 
this window is not completely trans- 
parent to the radiations coming from 
space. The atmosphere has also vari- 
ous chemical and electrical and ther- 
mal properties that make it a most 
fascinating and fruitful subject for 
study. 

The author begins by mentioning 
some of the unknowns in the atmos- 
phere and things related to the at- 
mosphere, such as the aurora borealis. 
He emphasizes that the sun is of course 


responsible for most of the atmos- 
pheric phenomena, such as_ winds, 
precipitation, clouds, and_ electrical 
events. 

He goes on to discuss the beginnings 
of the earth’s atmosphere and mentions 
several hypotheses on the origin of 
the atmosphere, among these being the 
occlusion of gases from a_ cooling, 
shrinking earth in its infancy. This 
presumes that volcanoes issued jets of 
hot gases consisting of carbon dioxide 
and oxygen, and perhaps hydrogen 
and nitrogen, into the region about the 
primeval earth. Newell is emphatic in 
claiming that oxygen was probably 
produced by photosynthesis and the 
dissociation of water vapor. 

The author, dealing as he does with 
scientific terms continually, uses the 
metric system throughout. He is one 
of the small group of popular authors 
who recognizes the awkwardness of 
the American system for scientific 
measurements, and provides a table 
near the beginning of the book which 
converts metric units to the pound-foot 
system. However, since the book is 
obviously written for a lay audience or 
younger people, one wonders whether 
it would not have been better to use 
the American system throughout, 
thereby saving the reader the trouble 
of checking the table on each occasion. 

After dealing with the various physi- 
cal phenomena of the atmosphere, 
such as the heat capacity, temperature, 
atmospheric pressures, etc., the author 
gives one of the clearest explanations 
this reviewer has seen on the collision 
frequency and mean free path of 
molecules in the air. In these days of 
much talk of hypersonic flight and re- 
entry heating, a simple explanation of 
molecular motion is in order and neces- 
sary. 

In Chapter 11, there is a review of 
the causes and effects of winds and tur- 
bulence in the atmosphere, and in two 
pages Newell mentions the various 
wind velocities encountered by rocket 
testings at altitudes up to 80 miles or 
so. Surprisingly, no statement is made 
of the importance of jet streams to 
modern air transportation aer- 
ology. Modern high-altitude, high- 
speed air travel is very much depend- 
ent on high-altitude winds above 25,- 
000 ft, and the phrase “jet stream” is 
becoming well known. The author 
might also have mentioned some in- 
teresting atmospheric 
such as that occasioned by the explo- 
sion of the voleano Krakatoa near the 
end of the last century. This fantastic 
phenomenon distributed steam and 


phenomena, 
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Power Transistor Test System 


FLEXIBLE, ACCURATE 
COMPLETE LAB SYSTEM 


MODEL PTT-1 


APPLICATIONS ENGINEERING 
QUALITY CONTROL 
RECEIVING INSPECTION 


For the first time, a complete power transistor test 

system is available in one “package.” It provides 

complete DC characterization of transistors with 

output ranges up to 20 amperes and input current 

ranges from 10 micro-amperes to 2 amperes. The 

patch panel arrangement is such that any meter or 

power supply can be connected to the test transistor. write FOR 

Readout of breakdown voltage, emitter floating INFORMATION 
potential, saturation voltage, leakage current, input oy COMPLETE 
Z voltage and current plus output voltage and current SOLID STATE 
< are possible with this system. Individually designed petay LINE 

systems for special requirements are also available. 


SOLID STATE RELAYS—for microsecond switching ap- 
plication extremely resistant to high shock and 
vibration environments. 


INTER MOUNTAIN INSTRUMENTS BRANCH e ELECTRONICS DIVISION 


CURTISS WRIGHT 


CORPORATION « P.O. BOX 8324, ALBUQUERQUE, N. M. 


SOLID STATE RELAYS . TRANSISTOR TEST INSTRUMENTS AND 
SYSTEMS + DIGITAL DATA ACQUISITION AND PROCESSING SYSTEMS 
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dust particles around the earth in a 
matter of days so that the whole atmos- 
phere was contaminated. 

From Chapter 12 on, Newell treats 
the interesting area of electrical phe- 
nomena in the atmosphere, showing 
the interaction of the earth’s magnetic 
field with charged particles from space 
and the effects of these charged par- 
ticles on the upper regions of the at- 
mosphere or ionosphere. A chapter on 
cosmic rays is included, although this 
is not strictly an area belonging to the 
atmosphere except in the results of the 
cosmic rays upon the atmosphere. 

Much work has been done in the 
past century on atmospheric research, 
of course, by theoretical and practical 
scientists, including many _balloonists 
who have risked life and limb to ex- 
plore the atmosphere. Physicists such 
as Heaviside and McLennan have 
studied and analyzed electrical regions 
in the ionosphere. Surprisingly 
enough, not a word is said of most of 
these pioneers. Any book, particularly 
one catering to younger and fresher 
minds, should have in it something of 
the great achievements and enterprises 
that have led to our present knowl- 
edge. On the other hand, the author, 
obviously trying to keep the book small 
and simple, may have believed that 
the addition of historical data to each 
chapter would lengthen the book un- 
necessarily. 

It is shown in the book that the at- 
mosphere does not have a definite, 
sharp boundary but rather diffuses 
gradually outwards. The author men- 
tions the earth’s magnetic field and 
electrical currents in space and the 
radiation belt, although in a strict 
sense, these phenomena are separate 
from the atmosphere and could exist 
around a heavenly body such as the 
moon without an atmosphere. Newell 
raises the interesting question of 
whether there is a connection between 
the Van Allen radiation belt and the 
ionosphere. He does not give any 
theories and, indeed, considering the 
altitude of this radiation belt, that is, 
well over 400 miles above the earth, 
one doubts that there can be much of a 
relationship. 

Chapter 17, on meteors, is, like the 
rest of the book, crisp and clear, and 
the reviewer has yet to see, in three 
pages, so good a description of the 
nature and characteristics of meteors 
and meteorites. The author points out 
that spacecraft designers of the future 
will have to face meteor erosion or col- 
lisions and must either sidestep this 
problem or design the space vehicle to 
counter it. Apparently, the book was 
not written in time to give some data 
on micrometeor density in space, as 
measured by U.S. and Russian satel- 
lites. The relationship between me- 
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teor entry into the atmosphere and 
hypersonic re-entry and heat-transfer 
problems might have thrown some 
light on the currently much debated 
question of re-entry. Also, the fact 
that meteor trails have been measured 
by radar by Millman in Canada might 
have added extra depth to this chapter. 

The book ends fittingly with a chap- 
ter on the “Top of the Atmosphere” 
and Newell states that the sun’s at- 
mosphere, or its “corona,” extends 
throughout the solar system. Its “tem- 
perature” in the vicinity of the earth 
is estimated to be 250,000 C. Unfor- 
tunately, he did not point out that 
this temperature is not the same as 
the temperature one measures with a 
thermometer on the earth’s surface in 
the dense atmosphere. The untutored 
reader may have the impression that 
this temperature is the total tempera- 
ture, as is understood from everyday 
experience. 

A short epilogue gives a prophetic 
little message on man’s opening of this 
“window” some day to escape. From 
some of Dr. Newell’s recent statements 
on space-radiation hazards, however, 
men may not be in any hurry to 
“escape.” A glossary of terms is very 
helpful and almost a must for the 
reader before beginning the book. 

Brief, to the point, and breezy, and 
garnished with nice illustrations fur- 
nished by Gustav Schrotter, this is a 
useful book for the young would-be 
space scientist who may forget that the 
atmosphere is still very much with us. 
Kurt R. Stehling 
NASA 
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Aircraft and Missile Design and Mainten- 
ance Handbook by Charles A. Overbey (The 
Macmillan Co., New York, N.Y., 369 pp., 
$9.75). 


Astronomy of Stellar Energy and Decay (216 
pp., $1.50); Theory of Optics (546 pp., 
$2.45); Internal Constitution of the Stars 
(407 pp., $2.25, Dover Publications, Inc., 
New York, N.Y.). Soft covers. 


1959 Research Highlights of the National 
Bureau of Standards (Supt. of Documents, 
U.S. Govt. Printing Office, Washington 25, 
D.C., $0.55). 


Proceedings of 1959 Aircraft Hydraulics 
Conference Vols. 1 & 2 (Vickers Inc., Detroit 
32, Mich.). Soft cover. 


Electronic Computers: Principles and Appli- 
cations by T. FE. Ivall (Philosophical Li- 
brary, New York, N.Y., 263 pp., $15.). 


First Book of Astronomy by Vivian Grey 
(Franklin Watts, Ine., New York, N.Y., 68 
pp., $1.95.). For children. 


Air Technical Dictionary: German-English, 
Edited by H. L. Darcey, et al. (Duell, Sloan & 
Pearce, Inc., New York, N.Y., 312 pp., $16). 


Fundamentals of Stress Analysis by Albert 
Deyarmond and Albert Arslan (Aero Pub- 
lishers, Inc., 2162 Sunset Blvd., Los Angeles 
26, Calif., 256 pp., $5.75.) 


UNIVAC ® 


REMINGTON RAND UNIVAC OFFERS ENGINEERS AND SCIENTISTS 


AN ATMOSPHERE OF ACHIEVEMENT | 


Remington Rand Univac, acknowledged world leader in the develop- 
ment of automatic data processing equipment, is seeking engineers and 
scientists who can significantly participate with our professional staff in an 
atmosphere of achievement. A recent example of the important work done 
here is the ATHENA Digital Guidance computer. 

This computer has extended the limits of reliability to a point previously 
regarded as only theoretically attainable. ATHENA computers now in 
operation have logged thousands of hours while maintaining a reliability 
rating of 99.992 per cent. 

The significance of this achievement, which stands as a major break- 
through in the computer art, was demonstrated by the firing of an ICBM 
Titan missile from Cape Canaveral under the guidance of ATHENA. The 
accuracy of the ground-based system was so precise that technicians 
quickly recovered a data capsule within a target area 5,000 miles away. 

This same system made possible the highly successful launching of 
TIROS I, the U. S. television-equipped weather-eye satellite. The 
ATHENA computer, guiding a three-stage Thor-Able type missile, put 
TIROS I into the most nearly perfect circular orbit of any satellite, Rus- 
sian or American, yet launched. 

Opportunities for creative participation in programs of this magnitude 
now exist at Remington Rand Univac. Please send a resume of your 
education and professional history for prompt, confidential consideration. 


PHYSICISTS 

B.S., M.S., and Ph.D. levels for research 
and development of systems, high speed 
circuitry of digital computers, and for 
physical research including evaporative thin 
film research and ferro-magnetic domain 
behavior as applied to computer elements. 


PRODUCTION ENGINEERS 

To plan automated processes, methods, 
and tooling for the world’s most reliable 
computers. These openings on large pro- 
duction programs require imagination and 
creativity. Engineering degree preferred, 
with experience on electronic equipment. 


RELIABILITY ENGINEERS 

To perform reliability analysis and predic- 
tions, develop failure reporting procedures, 
analyze failures, and recommend corrective 
action. 


DEVELOPMENT ENGINEERS 

To develop advanced techniques in high 
speed memory circuits, switching circuits, 
and other data processing requirements. 
Engineers are also required for work on 
communications systems, antenna couplers, 
and servo mechanisms. 


SYSTEMS ENGINEERS 

Engineering, Mathematics, or Physics 
degree with experience in weapons and 
missile guidance systems involving digital 
control, digital conversion, radar and 
communications information processing, 
and display and output equipment. 


OTHER OPENINGS 

Mathematicians and Programmers—Field 
Engineers, (Domestic and Overseas Assign- 
ments)—Engineering Writers—Quality Con- 
trol Engineers—Specifications Engineers. 


Send complete resume of education and experience to: 
R. K. PATTERSON, Dept. S-5 


Remington. Frand Univac. 
DIVISION OF SPERRY RAND CORPORATION 
2750 West Seventh Street, St. Paul 16, Minnesota 


Also immediate openings in all areas of digital computer development 
at our other laboratories. Address inquiry to: 


F. E. NAGLE Department S-5 
REMINGTON RAND UNIVAC 
Division of Sperry Rand Corporation 
1900 West Allegheny, 

Philadelphia 29, Pennsylvania 


R. F. MARTIN Department S-5 
REMINGTON RAND UNIVAC 
Division of Sperry Rand Corporation 
Wilson Avenue, 

South Norwalk, Connecticut 
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Lunik Photography 
(CONTINUED FROM PAGE 29 ) 


appearance of splotches, or “snow,” 
indicates the presence of considerable 
noise when the picture was transmitted 
to the ground. Some of these 
splotches can be identified, since they 
occur only on individual frames of the 
pictures. 

The released pictures are reported to 
be unretouched and yet, in the large- 
scale picture shown on page 28, the 
image of the moon differs appreciably 
from a circle. The reason for this is 
not known. By superimposing a large- 
scale version of the circular Lunik pic- 
ture in the top left photo on page 29 
upon the one on page 28, one finds 
there is an apparent compression of the 
upper half of this picture, thus indicat- 
ing the probability that an error exists 
in reassembly of the line-scan data. 

What sort’ of resolution was 
achieved in the Soviet moon pictures? 
Resolution is usually determined by 
photographing a standard target con- 
sisting of black and white stripes of 
decreasing width. The limiting resolu- 
tion is defined as the narrowest width 
(called a line, and consisting of a 
black and white bar) at which the 
black and white bars can be dis- 


tinguished, and it is usually expressed 
in lines-per-millimeter. Aerial photog- 
raphers frequently speak of ground 
resolution as that distance on the 
ground which corresponds to the pro- 
jected dimension of a single line at 
the limiting resolution of the camera 
system. 


Estimating Resolution 


When estimating the resolution of a 
picture which does not contain a reso- 
lution target, the photographer usually 
views an area containing high-contrast 
detail in an effort to find some spot 
with black and white stripes from 
which an estimate can be made. By 
this method, it is generally agreed, 
the ground resolution of the best 
moon pictures taken with astronomical 
telescopes is about 1 mile. At other 
times, the photographer will judge 
resolution on the basis of his exper- 
ience or by comparison with pictures 
of known or controlled quality. This 
latter technique is preferable for de- 
termining the resolution of the Lunik 
III pictures, since most of the small 
dots are probably caused by noise in 
the communication link. 

At top left of page 29 is a photo 
of the back of the moon, together 
with three pictures of the front of the 


moon reproduced at different resolu- 
tions. The unaided eye views the 
moon with a ground resolution of 
about 70 miles. This resolution js 
therefore included, together with 
ground resolutions of 30 and 10 miles 
to show the influence of resolution 
on surface appearance. By comparing 
pictures of this type with the Lunik III 
pictures, it is possible to estimate 
ground resolution of the Lunik III pic- 
ture to be about 30 miles. Differences 
in surface texture are likely to have 
been caused by the use of different 
techniques in the reproduction process, 

The pictures of the front side of 
the moon shown on page 29 were 
made by photographing  simultane- 
ously a low-contrast picture of the 
moon and a high-contrast resolution 
target. The resolution was varied by 
changing the scale during this copy- 
ing. However, since it was not always 
possible to achieve the desired results, 
final control over the resolution was 
exercised by means of the focus in the 
enlarger. The final prints were all 
made on high-contrast paper so that 
they might, to some extent, resemble 
the Lunik pictures, which exhibited 
very few shades of gray. 

What is significant is that the ex- 
citing first pictures of the hidden side 
of the moon have been taken.  Al- 


NEW Model 181 
AIRBORNE PRESSURE TRANSDUCER 


Now a NEW Taber TELEFLIGHT, weighing less than 12 ounces 
has been designed with an adapter that permits an amplifier to be 
built in to increase output signal to five volts as used in telemetering 
systems. BONDED STRAIN GAGE construction makes it 
relatively insensitive to vibration or shock. Resolution is INFINITE. 
Handles extremely corrosive media, including fuming NITRIC ACID. 
Features Pressure Cavity clean-out and standard built-in 


pressure overload protection. Pressure ranges: 0-250, 0-350, 0-500, 0-750, 0-1,000 PSI. 


Linearity 0.3%, Hysteresis 0.25% of F.S. at any given point, Ambient Temperature 


—100° F. to +275° F. 


A complete line of Miniature Transistor Ampli- 
fiers such as Voltage, Power, Servo, & Audio 
your specifications. 


Amplifiers available 


Write or telephone for literature and prices. 


TABER INSTRUMENT CORPORATION 


Section 216 
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Model 207S 
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Model 214S-12 
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though their resolution is only about 
30 miles, they have demonstrated the 
practicability of exploiting the space 
vehicle for astronomical research. The 
next step in lunar surface exploration 
will be to acquire pictures of better 
resolution under some favorable light- 
ing conditions. When it is possible 
to obtain resolutions of better than one 
mile, photography of the front as well 
as the back side will be needed for 
more detailed study. These high- 
resolution pictures will be of far 
greater scientific importance than the 
early exploratory photographs in the 
study of the origin of the solar sys- 
tem and the history of the lunar sur- 
face. 


Author’s Note: The work on this 
paper and the writing thereof was 
completed in Washington, D.C. An 
independent analysis, using some dif- 
ferent photos and other material, has 
heen completed recently by two col- 
leagues working in Santa Monica. It 
is referenced, and should be consulted. 
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Complete Polaris, Minuteman 
Fuel Chamber Tests 


Avco Corp.’s Lycoming Div. has 
completed an extensive program of hy- 
dro-tests of small-scale pressure ves- 
sels simulating full-scale Polaris and 
Minuteman fuel chambers. The burst- 
test program was designed to develop 
heat-treatment processes which would 
insure maximum strength for second- 
and third-stage Minuteman and sec- 
ond-stage Polaris chambers being de- 
veloped by Lycoming for Aerojet. 


Flight Simulation Equipment 
For NASA‘s Goddard Center 


NASA’s Goddard Space Flight Cen- 
ter, now under construction at Green- 
belt, Md., will be equipped with a 
$400,000 omni-environmental test fa- 
cility capable of simulating extreme 
temperature, altitude, acceleration, 
vibration, and shock. Being devel- 
oped for NASA by MB Electronics, 
the new facility is expected to be at 
least partially complete by the end 
of 1960. 


MODEL 152 probe features open 
platinum wire supported at inter- 
vals, resulting in extremely fast 
response and excellent thermal iso- 
lation between the element of the 
probe and the head of the probe. 
It is primarily intended for gases at 
moderate and low velocities, useful 
from —260 to +260° C or higher. 


MODEL 168A series probe uses a 
precision platinum resistance sens- 
ing element which is fully supported 
by a ceramic insulation. The ele- 
ment is protected by a stainless 
steel guard tube with additional 
support at the element tip for max- 
imum protection to flow. The tem- 
perature range is +-700° F to —435° 
F, and has a normal resistance of 
1380 ohms at 0° C. 


Resistance 
Thermometers 


REC specializes in platinum resist- 

ance thermometers of exceptional 
stability and high calibration ac- 
curacy. 


MODEL 172 series is a miniature 
element encased in a_platinum- 
rhodium tube, useful from —260 to 
750° C or up to 1100 C for short 
term use, and having a resistance of 
100 ohms at 0° C, with other values 
available. It can be cemented or 
clamped to a surface, inserted in a 
MODEL 172 hole, or molded into a body. 
(actual size) 


MODEL 152 
(1/3 size) 


MODEL 150 probe features a min- 
jature element, only 0.160 OD out- 
side the guard tube. It is useful 
from —260° C up, and finds wide 
applications in LO», and LHe, and 
is available with various immersion 
lengths and is normally mounted 
by a flare fitting. 


MODEL 150 
(1/2 size) 


MODEL 168 
(1/5 size) 


Write for further information.... 
ROSEMOUNT 


ENGINEERING 
COMPANY 


Minneapolis 24, Minn. 


DEPT. MR-1 


4900 West 78th St. 


We also make a wide variety of temperature probes 
for airplanes, missiles, rockets 
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Nondestructive Testing 
Institute in West 


A “Summer Institute on Nondestruc- 
tive Testing,” aimed at engineers, in- 
spectors, and operators will be held 
by Sacramento State College, Sacra- 
mento, Calif., from Aug. 15-16. The 
fee for the two weeks of concentrated 
instruction will be $175. For further 
information, write Dr. G. N. Beau- 
mariage Jr., SINT, Dept. of Engineer- 
ing, Sacramento State College, 6000 
Jay St., Sacramento 19, Calif. 


Solid-State Transponder 


(CONTINUED FROM PAGE 31 ) 


Basically, the transponder would 
consist of a receiver to detect the radar 
pulses; a modulator to regenerate the 
pulse and delay it a known amount of 
time; and a transmitter to transmit the 
delayed pulse back to the radar set at 
greatly increased signal strength. The 
use of such a transponder would make 
the radar performance independent of 
target size, so that small second or 
third stages could be tracked at ranges 
of several thousand miles. 

For a given radar set, tracking range 
on targets without any active tracking 
aids, the so-called “skin tracking” 
range depends on the size of the tar- 
gets. The radar “illuminates” the tar- 
get with its transmitter and then looks 
for the “reflection.” Even with a 
powerful radar like Millstone Hill, the 
power reflected from a small target, 
such as a third-stage rocket, at ranges 
of 2000 miles, is only a few millionths 
of a watt. It can thus be seen that a 
beacon transponder which radiates a 
hundredth of a watt or more of power 
represents quite an improvement. 

The transponder has the added ad- 
vantage that the transmission is one- 
way. Hence the signal received at the 
radar set falls off as the square of the 
range. In the skin-tracking case, the 
same power must go both ways from 
the radar to the target and back to 
the radar again, so the signal falls off 
as the fourth power of the range. 

It was clear that such a transponder 
was necessary if the Millstone radar 
was to participate successfully in the 
several different classes of missile test 
programs. A suitable beacon which 
could meet the size and weight re- 
quirements did not exist at that time. 
Hence an accelerated program to de- 
velop this type of tracking aid was 
undertaken at Lincoln Laboratory. 

Semiconductor devices capable of 
producing the few milliwatts of UHF 
power needed were available in ex- 
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perimental quantities. Hence it ap- 
peared feasible to make a completely 
transistorized transponder. This would 
lead to a small light unit which could 
operate from self-contained batteries. 
Installation on the missile, and check- 
out, would be greatly simplified if the 
transponder were independent of the 
vehicle power supply. 

A laboratory breadboard model of 
the transponder was built and electric- 
ally tested in about six weeks. While 
time did not permit environmental test- 
ing of the unit, it was installed in a 
missile early in July 1958. Operation 
of this unit became erratic while the 
rocket was on the launching pad. Al- 
though this particular test was opera- 
tionally unsuccessful, an important 
point had been proved. A transponder 
using only semiconductor devices 
could be made to operate in the 450 
mcps region at power and sensitivity 
levels that would extend the Millstone 
radar’s range on small targets to about 
10,000 miles. There was little doubt 
that a similar unit could be made to 
survive the missile/space environ- 
ment. 

The transponder development pro- 
gram continued at the laboratory, with 
several new approaches tried and 
tested. Some of these resulted in sub- 
stantial improvements. High-fre- 
quency transistors became more read- 
ily available, and their operating effi- 
ciencies improved. 


New Designs 


A new receiver was developed con- 
sisting of a crystal mixer, a five-stage 
30 me IF amplifier and detector, and 
a_crystal-controlled local oscillator 
which was multiplied four times, in 
frequency. New modulator designs 
which resulted in excellent delay and 
pulse-width stability were developed. 
A number of new transmitter designs 
were tried. The most successful of 
these consisted of a crystal-controlled 
oscillator which operated continuously, 
a buffer amplifier, two frequency dou- 
blers, and a final power amplifier. The 
buffer, doublers, and final amplifier 
were pulsed by the modulator. This 
combination gave more than enough 
output power and quite good fre- 
quency stability under extremes of 
temperature. All that remained was to 
package the system and stabilize its 
performance under the adverse condi- 
tions of temperature, shock, vibration, 
and power supply variations. 

The last statement seems to indicate 
that development was complete. Such 
was not the case. It should be pointed 
out that this packaging phase was cer- 
tainly difficult and probably the most 
expensive part of the development. 
Since Lincoln Laboratory was not 


equipped with the necessary environ- 
mental testing equipment, it was de- 
cided to complete the development 
outside the laboratory. A set of spec- 
ifications was written based on our 
experience in and out of the labora- 
tory. 

Shortly after the specifications were 
written and approved, STL again ap- 
proached Lincoln Laboratory for 
tracking assistance from Millstone on 
the Transit satellite program. Funded 
by the AF Ballistic Missile Division, 
a contract for final development and 
prototype production of the trans- 
ponder was let to the Douglas Air- 
craft Co., prime contractor for the 
Transit vehicle. Douglas constructed 
the antenna and mounting hardware 
at its Tulsa, Okla., plant and subcon- 
tracted the transponder construction to 
Texas Instruments. This contract 
called for design, construction, and 
qualifying a transponder within 90 
days, and production of several more 
in the ensuing few months. 

Lincoln Laboratory maintained 
technical cognizance and final per- 
formance approval, as well as provid- 
ing ground checkout equipment and 
personnel. The Lincoln specifications 
and breadboards were used as a basis 
for the design. Texas Instruments in- 
stituted a number of improvements 
which resulted in an excellent trans- 
ponder design. 

A block diagram of the final trans- 
ponder is shown on page 30. The cav- 
ity filter reduces possible interaction 
between the transponder and other 
systems on the vehicle. The strip-line 
hybrid, a Texas Instruments’ innova- 
tion, provides isolation between the 
transmitter and receiver and reduces 
the local oscillator radiation. The lo- 
cal oscillator chain contains a crystal 
oscillator operating in the 100-mc re- 
gion followed by a buffer and a times-4 
varactor multiplier. This chain pro- 
duces a milliwatt or two of power in 
the 400-me region. 

The IF amplifier is built up of mod- 
ules of an existing design using silicon 
tetrode transistors. The video ampli- 
fier and processing circuits are straight- 
forward. R-C filters are used to dis- 
criminate against unwanted short 
pulses. Texas Instruments designed 
an improved timing and modulator cir- 
cuit which is lighter than the original 
design and gives satisfactory timing ac- 
curacy. 

The transmitter system consists of a 
crystal oscillator operating in the 110- 
mc region, a buffer, two doublers, and 
a final amplifier. This combination has 
delivered better than 20 mw of 440-mc 
power. The modulator consists of 
series switching transistors. 

Power for the transponder is sup- 
plied by a set of rechargeable silver- 
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zinc batteries with a 40-hr lifetime. 
This life can be varied by using smaller 
or larger battery packs to suit par- 
ticular applications. 

The antenna system, developed by 
Douglas, is a turnstile array using four 
gamma-matched unipoles fed in quad- 
rature. This type of antenna is used 
because the radiated polarization is 
linear when viewed from the side of 
the missile and changed to circular 
when viewed from the nose or tail 
aspects of the vehicle. The turnstile 
configuration is the closest approach to 
the ideal isotropic radiator which could 
be installed on the vehicle at a rea- 
sonable cost in size and weight. 

The completed transponder, at top 
left, page 31, is in two packages. One, 
which contains all the RF Circuitry, is 
at the top of the photograph, while the 
video section, modulator, and battery 
pack are contained in the package 
shown in the lower portion of the pic- 
ture. As shown, the transponder is 
mounted on the interface structure be- 
tween the third stage and the payload. 

The electrical performance of the 
transponder is more than adequate. 
Over-all interrogation threshold sensi- 
tivity is about minus 85 dbm. The 
power output is in excess of 10 mw, 
center frequency stability is equal to 
or better than + 0.0015 percent, and 
range accuracy is 5 n.mi. or better un- 
der all specified environmental and 
battery conditions. 


Gross weight of the complete trans- , 


ponder system including antennas is 


about 8 Ib. 
Range Extended 


Use of this transponder extends the 
slant range of the Millstone Hill radar 
more than 10,000 n.mi. The trans- 
ponder proved itself on the third stage 
of the Thor-Able vehicle used in the 
ill-fated Transit I launching on Sep- 
tember 16, 1959. The Millstone Radar 
picked up strong transponder signals 
when the rocket passed over the radio 
horizon some 1000 miles distant and 
tracked the vehicle for about 14 min 
before it disappeared over the radio 
horizon again 1400 miles away. Not 
once did the radar lose track due to 
signal fade or interference. 

One of these transponders is to be 
used with the Millstone radar for track- 
ing the Tiros launch vehicle. While 
no other missions are planned for the 
immediate future, this type of trans- 
ponder should see considerable serv- 
ice in the next few years. The com- 
bination of light-weight, very low- 
power requirements and capability of 
providing real-time tracking and orbit 
parameter determination at very long 
ranges will be valuable in many ap- 
plications. 


the word for advanced 

technology in the design, 
development and manu- 
facture of precision : 
explosive components. 


upon thousands of suc- 
cessful firings of HOLEX-built pre- 
ert cision cartridges, under almost limit- 
HIGH-ALTITUDE 

IGNITION CARTRIDGES less environmental conditions, affirm 
are designed specifically for HOLEX product reliability. Specifi- 

the electrical initiation of : 
gnc rac cally, HOLEX has performed im- 
metal-oxide boosters and portant functions in such programs 

as X-15, Titan, Polaris, Hound Dog, 


Sparrow, Minuteman! 


ASK FOR HOLEX TECHNICAL DATA SHEETS 


which tell about HOLEX ignition cartridges, 
pressure cartridges, explosive bolts, and 
other cartridge-actuated devices. DEPT. E 


H 0 LEX....... 


Design, Development, 
Test and Manufacture of Pre- 
cision Explosive Components. 
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Recoverable Space Probe 


( CONTINUED FROM PAGE 35 ) 

having an area of approximately 2 sq 
ft. These solar cells charge a 24-lb 
storage battery diagonally across from 
the electromechanical pod. The elec- 
trical power supply is coupled with 
the thermal-control system. The re- 
flecting shutters, as shown in the illus- 
tration on page 34, are closed. As the 
vehicle moves further away from the 
sun, the shutters open, allowing more 
sunlight to fall on the solar cells. This 
arrangement provides a relatively con- 
stant temperature of 70 F in the ve- 
hicle and a nearly constant 6 watts 
from the solar cells—more than enough 
for the operation of this vehicle. The 
storage batteries can supply peak- 
power requirements. When the ve- 
hicle is quietly coasting with the en- 
ergy-collecting face toward the sun, 
the power consumption in the clock, 
the computer, and the attitude-control 
system is only slightly more than 2 
watts. 

The array of dipoles on the energy- 
collecting face of the vehicle is used 
for sending a weekly message to earth. 
This message indicates the survival 
and condition of the vehicle, and 
could also contain intelligence on ra- 
diation, magnetic fields, and vehicle 
performance. This communication 
system has a range of approximately 
350,000,000 miles when used with an 
85-ft-diam collecting antenna on earth. 
It is operated at an information rate 
of approximately 3 bits per sec. The 
energy requirement for a weekly mes- 
sage indicating survival of the vehicle 
and some aspects of vehicle environ- 
mental conditions and performance is 


Measurement of Celestial Angles 


200 watts for 20 sec. The radio equip- 
ment is installed in the battery pod. 

The second antenna array is for the 
radar transponder used for the accu- 
rate prediction necessary for reliable 
recovery. The transponder has a 
range of approximately 100,000 miles 
and begins its operation 6 hr before 
the probe is scheduled to reach the 
earth. 

The re-entry vehicle contains the 
camera, which has a single 6-in.-diam 
plate of very fine grained, slow film. 
The image of Mars is stored on this 
plate with a resolution of approxi- 
mately 7 lines per mile. The re-entry 
vehicle protects its payload with an 
ablation heat shield and a structure 
which can withstand the hundreds of 
g’s experienced in very steep re-entry 
trajectories with speeds up to 45,000 
fps. 


Space Sextant 


MOBILE STAR AND DISC TRACKER — 


SPACE SEXTANT 
ORIVE BULL GEAR 


SPACE SEXTANT DRIVE 
MOTOR AND GEARS 
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The prospects for recovery are bol- 
stered by the following conditions: 
Impact should occur within 200 miles 
and 5 min of the point and time speci- 
fied before launch; pre-impact track- 
ing combined with steep re-entry tra- 
jectories narrows this uncertainty in 
impact to several miles within the 
larger specified area; radio beacons 
and a high-intensity flashing light as- 
sure detection; and the re-entry ve- 
hicle, having half the density of sea 
water, should not sink. 


Fundamental Requirements 


What criteria underlie the particu- 
lar organization of the probe’s elec- 
tronic-electromechanical system? 

There are essentially six funda- 
mental requirements on an interplane- 
tary guidance and control system: 
(1) Functional ability to solve the 
specified navigation and control prob- 
lem; (2) ability to operate at great 
range from the earth; (3) light weight 
and small size; (4) ability to operate 
within the available supply of energy; 
(5) long unattended operating life; 
and (6) great reliability. 

It is clear that the complex opera- 
tion of equipment at interplanetary 
ranges requires a fairly elaborate de- 
vice in the probe for the control and 
sequencing of measurements, maneu- 
vers, etc. This results from two fac- 
tors. First, at ranges of the order of 
one astronomical unit, it requires some 
quarter of an hour for two-way com- 
munication between the probe and the 
earth. This time lag between the oc- 
currence of a condition within the 
probe and the probe’s reaction to this 
condition cannot be tolerated in any 
but the grossest and slowest of feed- 
back loops. The communication sys- 
tem certainly cannot _ participate 
heavily, if at all, in even the relatively 
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ON TARGET. 


.ON 


BOEING BOMARG 
NIG SILE--- 


TIME...ON BUDGET 


Designed to protect large areas against enemy bomb- 
ers and missiles, the supersonic Boeing Bomarc air- 
defense missile is ready for operational service. In- 
stallation and check out of ground handling and 
ground support equipment at Otis Air Force Base is 
being performed by Catalytic, Engineers and Con- 
structors. When specifications are rigid —or the need 
urgent —or when budgets are an important factor 


—consult 


CATALYTIC 


CONSTRUCTION COMPANY 


Philadelphia 2, Pennsylvania 
New York, New York 

Baton Rouge, Louisiana 
Toledo, Ohio 


In Canada: Catalytic Construction of Canada, 
Limited; Sarnia, Ontario; Toronto, Ontario; 
Montreal, Quebec; Vancouver, B. C. 


Catalytic On-Time...On-Budget Services 
for the metallurgical, chemical, petrochemi- 
cal and oil refining industries: Project Analy- 
sis; Process Development; Process Design; 
Economic Studies; Engineering; Procure- 
ment; Construction. 


May 1960 / Astronautics 


117 


| 
| 
e bol- 
tions: 
miles 
speci- 
track- 
y tra- # 
ty in a 
| the | 
acons 
it as- 
Ve- “a 
| 
: 
: 
| 


OUTBOUND 


INBOUND 


Space-Probe System Organization 


STANDARD FREQUENCIES 


CLOCK 

REGULATED POWER 
FOR COMPUTER 

OPERATION AND CLOCK 


PRIMARY POWER 


POWER 


CLOCK PULSES 


SUPPLIES 


RUNNING ACCESSORIES 


POWER FOR GYRO ROTORS 
RUNING ACCESSORIES GYRO SIGNAL GENERATORS 


SPACE SEXTANT SCANNER DRIVES 
PHOTO MULTIPLIER CIRCUITS 


COMMUNICATIONS TRANSMITTER 
ETc 


ACCESSORY CONTROL POWER 


CONTROLLED ACCESSORIES 


CONTROL 


SIGMALS 
POWER SUPPLY 
COWTROL COMMANDS 
CONTROL SWITCH 
COMMANDS 
COMPUTER 


TELEMETRY 
COMMUNICATIONS | __DATA 


TRANSMITTER 


SWITCHES 


FLY WHEELS 
SPACE SEXTANT ORIVE 
NOZZLE ACTUATORS 
SOLAR VANES 


CONTROLLED POWER 


ETc 


DISCRETE COMMANDS 


SEMSING 


{t 


SIGMALS 


CAMERA SHUTTER 
RE-ENTRY VEHICLE RELEASE 
RADAR TRANSPONDER 


ETC 


slow measurement problem of deter- 
mining six celestial angles within an 
interval of 1 or 2 hr. Thus, this com- 
plicated control sequence must be 
stored in the probe. 

Second, there is a severe energy re- 
quirement for transmitting informa- 
tion from the probe to earth. Even 
at the range of one astronomical unit, 
it requires of the order of one joule 
for each bit of information transmitted 
to the earth. This results in a pos- 
sible power limitation on the amount 
of navigation and control data sent 
from the probe to the earth at even 
this relatively close range. One can 
conclude from these factors that rela- 
tively complex interplanetary devices 
will be primarily automatic rather 
than radio controlled. 

The need for light weight and small 
size in the equipment needs little 
interpretation. This tends to force 
the fulfillment of the functional re- 


Time of fix and velocity correction 


8 hr after launch 

0.6000 years after launch 
1.200 years after launch 
2.050 years after launch 


2.410 years after launch (4 days before arrival at 


Mars) 
Passing Mars (2.4223 years after launch) 


quirement with devices which are as 
few and as simple as possible. <A 
good illustration of this tendency is the 
combined use of the flywheels for 
attitude control and for the training 
of angle-measuring telescopes. This 
combination results in the elimination 
of extra degrees of freedom in the 
mechanism for measuring angles. 

The guidance and control system 
can be made to operate within the 
available supply of energy by two pos- 
sible approaches. First, the supply 
of energy can be made large by the 
use of an extensive solar-cell area or 
by the employment of some other 
large power supply. Second, the small 
solar-cell power supply, which can be 
instrumented with ease, can be made 
sufficient by the careful design of the 
system and its components with re- 
spect to energy requirements. The 
weight-size and_ reliability require- 
ments make the second of these al- 


Expected Error in 

Uncertainty velocity knowledge 
in fix correction of time 
miles rms (ft/sec) (hr rms) 
66 107 0.000 
9487 28 0.052 
10.168 12 0.054 
7250 23 0.080 
5992 224 0.065 

222 


Total velocity correction outbound = 615 ft/sec; Miss distance at Mars = 203 miles; Velocity error 
at Mars = 126 ft/sec; Arrival time error = 0.797 hr 


8 hr after passing Mars 

0.6000 years after passing Mars 

0.7960 years after passing Mars 
(1 day before return to earth) 


55 127 0.000 
4065 130 0.049 
2590 191 0.041 


Total velocity correction inbound = 448 ft/sec.; Miss at impact point = 80 miles; Total velocity 
correction for round trip = 1063 ft/sec; Impact time error = 0.164 hr 
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ternatives appear the more attractive. 
Therefore, in this preliminary design, 
low power-system and component 
operation was emphasized. 

Unusually long unattended operat- 
ing life is required of a system de- 
signed for a space mission of one to 
three years. This requirement in the 
described probe is not unreasonable, 
however, when one considers that 
most of the system will be completely 
dormant during more than 99.5 per- 
cent of its mission. This very low 
ratio of operating to dormant life can 
be realized by careful system design, 
and it nearly renders the term “operat- 
ing life’ synonymous to the term 
“shelf life.” 

The high level of reliability re- 
quired in the probe’s guidance and 
control system is achieved through a 
variety of design methods. First, the 
extremely low ratio of operating life 
to dormant life makes it unlikely that 
significant wear will occur through ex- 
cessive use of the components. Sec- 
ond, the interplanetary guidance and 
control problem provides opportunity 
for the extravagant use of time in per- 
forming all operations in the probe at 
a relaxed pace. The probe contains 
no “tuned-up” high-speed servos or 
other high-performance devices, which 
are the usual cause for reliability diffi- 
culties. Third, by using nonlinear 
techniques in feedback loops and by 
using the abundance of time, the probe 
is designed so that its successful opera- 
tion does not closely depend on the 
quantitative performance of any com- 
ponent. 


Dominant Need 


One dominant need appears when 
synthesizing and analyzing the opera- 
tion and characteristics of the probe— 
the use of a highly specialized general- 
purpose digital computer within the 
probe. It begins to form when one 
considers the type of device neces- 
sary for the control and sequencing 
of measurements, maneuvers, etc. 
The measurement of one angle with 
the space sextant, for example, in- 
cludes a sequence of operations, such 
as find the sun, energize the shutters 
of the space sextant, track the sun, 
set the space-sextant drive angle, 
search around the sun, track the lo- 
cated object, and, finally, precisely 
adjust the space-sextant drive angle. 
Each of these operations, in turn, in- 
volves a more detailed set of instruc- 
tions. So, in nature, the operation of 
the guidance and control system is 
very susceptible to being organized 
into routines, subroutines, sub- 
sub-routines used over and over again, 
like those in the program of a general- 
purpose computer. 
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Once the control and sequencing 
device is granted the type of storage 
and the logic needed to carry out its 
essential function, it requires only a 
small step to add an arithmetic capa- 
bility and make the system completely 
self-contained and independent of 
communication with the — earth. 
Further, this computer could have the 
capability of diagnosing malfunctions 
in the operation of the probe and of 
executing alternative procedures, such 
as resting for a while should difficulty 
be experienced in the middle of a set 
of measurements. 

Necessity does force the use of an 
elaborate control device in the probe 
for the operation of mechanisms at 
great range from the earth. With 
slight extra expense, however, we reap 
the byproduct of being able to make 
the system completely self-contained 
by using a general-purpose computer 
as the probe’s central organ of control. 
Another byproduct from the com- 
puter’s ability to circumvent certain 
temporary and other system failures 
exists in the area of failure and per- 
formance telemetry. Since the sens- 
ing network of the computer naturally 
reaches out to all parts of the probe, 
it is quite natural for the computer to 
assemble a very compact “word” of 
performance and environmental data 
for telemetry transmission, with the 
saving of much energy. 

The computer has a central posi- 
tion in the organization of the guid- 
ance and control system, as indicated 
in the diagram on page 118. It has 
direct communication with the vari- 
ous components of the probe through 
the numerous sensing and command 
input-output circuits. Studies indi- 
cate that its nonerasable storage of 
4096 words is sufficient to contain the 
program to operate the probe and the 
necessary block of arithmetic data. 
This information is very efficiently and 
reliably stored by appropriately 
threading or not threading wires, each 
of which represents a bit, through 
magnetic cores, each of which repre- 
sents a word. Thus, each 51-bit word 
of nonerasable storage requires only 
one core. The 256-word erasable 
storage is more conventional, using 
one core per bit. The use of cores 
for storage has the advantage of allow- 
ing various operating speeds for the 
computer, with the required power 
being roughly proportional to the 
speed of operation. The computer for 
the probe would use speeds of 20,000, 
250, and 3 operations per sec, depend- 
ing on the current workload. These 
operating speeds require powers of 
50, 0.5, and 0.005 watts, respectively. 
The computer is capable of numerous 
discrete commands to the various ex- 
ternal elements by setting relays, and 
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. High-Pressure Gas Cylinder, 3%” D. x 187%” 
High-Pressure Gas Cylinder, 3%” D. x 7/6” 

C. Jato Motor 

D. Jato Shells to 20” D. x 60” 

E. Falcon Rocket Motor Case 

F. Jato—approximately 9” D. x 30” 


seamless, cold drawn parts 


Specify 
for reliable rocket motors and cases 


Rocket and missile components made 
the Hackney cold drawn way are in- 
herently reliable. Seamless design 
eliminates longitudinal welds. The 
cold drawing process tends to reduce 
stress risers and notch sensitivity. 
Hackney forming methods produce 
strong, lightweight, seamless units 
with smooth, clean surfaces, consis- 
tently uniform sidewalls. Unit 
weights can be closely controlled. 
Performance reliability is built in. 
Hackney methods offer designers 
plenty of latitude. Units can be made 


Pressed Steel Tank Company 


Manufacturer of Hackney Products Since 1902 


1476 South 66th Street, Milwaukee 14, Wisconsin 


Branch offices in principal cities - 


CONTAINERS AND PRESSURE VESSELS FOR GASES, LIQUIDS AND SOLIDS 
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in sizes from 1 quart to 100 gallons. 
Diameters range from 3” to 32”. 
Lengths may be from 14 to 5 times the 
diameter, or up to 110”. Wall thick- 
nesses—.050” to .670”. Working 
pressures—up to 600 psi in larger 
diameters, 6000 psi in smaller diam- 
eters. And our dies and mandrels can 
form your components in steel, mag- 
nesium, nickel, the new ultra-high 
strength stainless steels, hot work 
tool steels, molybdenum or titanium. 

For complete information write to 
the address below. 
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it is sensitive to numerous discrete in- 


ts. 

All of the other components have 
been tailored to work with the com- 
puter by accepting its discrete com- 
mands and giving it discrete signals. 
For example, the space sextant, shown 
in the illustration on page 116, is first 
turned on by a discrete command to 
the power supplies which energizes 
the shutters, the photomultipliers, and 
output circuits. To change the space- 
sextant drive angle, the drive motor is 
always commanded full-forward, off, 
or full-reverse. The approximate time 
required to make the desired change 
of angle (at 2 deg per sec full speed) 
is computed and the drive motor is 
appropriately energized. A sensor on 
the drive motor delivers to the com- 
puter a pulse of the appropriate sign 
for each 10 sec of arc change of the 
drive-output angle. This approxi- 
mate process reiterated several 
times until the drive angle is inched 
to the exact setting. 

The signals from the sun and star 
trackers are also developed into dis- 
crete signals for presentation to the 
computer. In all precise tracking 
operations using the flywheels, the 
computer establishes a purposeful and 
stable null oscillation by operating on 
and delivering the discrete tracker 
signals to the flywheels as discrete 
commands. These oscillations have 
frequencies of approximately 1 eps 
and half-amplitudes of 5 sec of are. 


Dormant Mode of Operation 


Finally, it is interesting to consider 
the dormant and normal mode of 
operation of the control system. Dur- 
ing most of the trip the system only 
departs from this mode of operation 


Dormant Mode Power Budget 


(Watts) 

x flywheel 0.30 
y flywheel 0.30 
Sun finders, dead-zone operation 0.30 
Clock 1.50 
Computer, standby speed 0.01 
Leakage power for switches 0.15 
Total 2.56 

Available power from solar 
battery 6.00 


Balance for charging storage 
battery 3.44 


for one-half hour per week to make 
a radio transmission and employ solar 
vanes. The other exceptions are an 
occasional hour-long measurement pro- 
cedure for obtaining a navigational fix 
and a 40-min program for each 100 
fps of velocity correction. 

The dormant mode uses a pair of 
small wide-angle sun finders to indi- 
cate the direction of the sun with 
respect to the normally sunny face of 
the probe. These sun finders have a 
one-half degree dead zone purposely 
introduced between their plus and 
minus discrete output signals. When 
one of these signals occurs, the ap- 
propriate flywheel is energized for 
one-half second or until the signal 
vanishes, whichever is longer. The 
undamped nonlinear oscillation shown 
in the graph below, is the result. 
It can be seen that each flywheel motor 
is energized only 1 percent of the 
time, consuming a mere three-tenths 
of a watt average power. The table 
above shows the total power budget 
under these conditions. 


Dead Zone Attitude-Control Operation 
During Quiescent System Mode 
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As difficult as the problems of long- 
term reliability and of achieving the 
necessary operating life at first seem, 
it is my feeling that the requirement 
for perfection in conducting a complex 
interplanetary operation is the most 
difficult technical problem. This feel- 
ing results from observing that an 
interplanetary probe can operate in a 
very relaxed manner and _ that its 
equipment is not exercised excessively, 
At the same time, the probe is a com- 
plicated device. The program in the 
computer must operate the probe on 
its journey relying on the accuracy of 
the analysis and the execution of the 
relationship between the computer, 
the components, and the communica- 
tion channel if one is extensively used. 
All of this work must be carried out 
impeccably without error in sign, wir- 
ing, or placement and interpretation 
of data. Yet, there is no really com- 
plete method for checking the system 
out without actual spaceflight. + 


Sperry Successfully Uses 
“Gyro-Electric Plasma” 


Sperry Gyroscope Co. engineers 
have successfully employed a fourth 
state of matter known as “gyro-electric 
plasma” to form a practical electronic 
circuit. circuit formed by the 
plasma has been made to operate as an 
electronic oscillator to generate radar 
energy at extremely high frequencies. 

The plasma was formed by aiming a 
slim beam of electrons through rarefied 
hydrogen gas contained in an electro- 
magnetic envelope. The beam elec- 
trons strike the hydrogen atoms with 
sufficient force to knock them apart 
and create a plasma of charged par- 
ticles of hydrogen atoms and electrons. 

The project so far has generated 
radar energy at frequencies ranging 
from 700 to 2000 million eps, and re- 
design of the apparatus is expected to 
result in the generation of frequencies 
more than 100 times higher, a range 
approaching infrared waves. 


JPL Adds Second 85-Ft-Diam 
Tracking Antenna to Facilities 


JPL tracking facilities will be ex- 
panded in the near future through ad- 
dition of a second 85-ft-diam tracking 
antenna near Goldstone Lake in the 
Mojave Desert in California. The an- 
tenna, a Type LB azimuth elevation 
model, is being built by Blaw-Knox, 
which installed JPL’s first 85-ft-diam 
antenna in 1958. 
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Space Age Materials 


(CONTINUED FROM PAGE 41 ) 


another set of discrete levels which 
may be introduced in the forbidden 
energy gap. Such levels occur in ger- 
manium from Group III impurities 
with only three electrons for the bond- 
ing scheme. Group III impurities 
cause discrete levels into which elec- 
trons may be excited much more easily 
than into the conduction band. Such 
levels are known as “acceptors”; and 
when an electron is excited into one of 
them, it leaves a hole behind in the 
valence band that makes the crystal 
conductive. 

Actually, these descriptions are 
oversimplified. Conduction in semi- 
conductors is a many-body problem 
governed by statistical mechanics. In 
a pure semiconductor (one without ac- 
ceptor or donor levels) the number of 
carriers available for conduction at any 
absolute temperature T is given by an 
approximate expression N = N, exp 
(—E,/2kT), where N, is related to the 
number of levels available in the con- 
duction band and k is Boltzmann’s con- 
stant when the effective mass of elec- 
trons and holes is the same. Similarly, 
the number of carriers available in im- 
pure or extrinsic semiconductors is an 
exponential expression in temperature 
and Ep or Ey. 

The conductivity (o) in semicon- 
ductors is related to the number of 
carriers present for conduction by this 
expression: o = MN, € pe + Ny C pp, 
where n, and n, are the number of 
electrons in the conduction band and 
the number of holes in the valence 
band, respectively, and p», and p, are 
the electron and the hole mobility. 
The n’s have the exponential temper- 
ature dependence of the first equa- 
tion previously presented and the mo- 
bility of a carrier is defined as the 
velocity in an electric field which a 
carrier acquires per unit field between 
scattering interactions with atoms in 
lattice sites. Mobility has a com- 
paratively weak temperature depend- 
ence in most semiconductors, so that 
the conductivity is essentially an ex- 
ponential in temperature. 

The velocity a carrier acquires de- 
pends upon the distance it travels be- 
tween scattering interactions. The 
diffusion length, an important semi- 
conductor parameter, is a measure of 
this distance. Both the diffusion 
length and the mobility depend very 
markedly upon crystal perfection. Be- 
cause of this, and for certain other 
pertinent reasons, polycrystalline sam- 
ples are unsuitable for most semicon- 
ductor applications. Much effort and 
study, therefore, has gone into pro- 
ducing good single crystals free of 
dislocations and other imperfections. 


PROVEN RELIABILITY 
SOLID-STATE POWER INVERTERS, 
over 260,000 logged operational hours— 


voltage-regulated, frequency-controlled, 
for missile, telemeter, ground support, 


135°C all-silicon units available now— 


Interelectronics all-silicon thyratron-like gat- 
ing elements and cubic-grain toroidal magnetic 
components convert DC to any desired number 
of AC or DC outputs from 1 to 10,000 watts. 


Ultra-reliable in operation (over 260,000 
logged hours), no moving parts, unharmed by 
shorting output or reversing input polarity. 
High conversion efficiency (to 92%, including 
voltage regulation by Interelectronics patented 
reflex high-efficiency magnetic amplifier cir- 
cuitry.) 


Light weight (to 6 watts/oz.), compact (to 
8 watts/cu. in.), low ripple (to 0.01 mv. p-p), 
excellent voltage regulation (to 0.1%), precise 
frequency control (to 0.2% with Interelectronics 
extreme environment magnetostrictive stand- 
ards or to 0.0001% with fork or piezoelectric 
standards.) 


Complies with MIL specs. for shock (100G 
11 misc.), acceleration (100G 15 min.), vibra- 
tion (100G 5 to 5,000 cps.), temperature (to 
150 degrees C), RF noise (1-26600). 


j AC single and polyphase units supply sine 

i 1 waveform output (to 2% harmonics), will 

deliver up to ten times rated line current into 

a short circuit or actuate MIL type magnetic 

circuit breakers or fuses, will start gyros and 

motors with starting current surges up to ten 
times normal operating line current. 


Now in use in major missiles, powering 
telemeter tr itters, radar beacons, elec- 
tronic equipment. Single and polyphase units 
now power airborne and marine missile gyros, 


synchros, servos, g p 


Interelectronics—first and most experienced 
in the solid-state power supply field produces 
its own all-silicon solid-state gating elements, 


all high flux density gneti p ts, 
high temperature ultra-reliable film capacitors 
and comp ts, has lete facilities and 


know how—has designed and delivered more 
working KVA than any other firm! 


For complete engineering data, write Inter- 
electronics today, or call LUdlow 4-6200 in 
New York. 


INTERELECTRONICS CORP. 
2432 Gr. Concourse, N. Y. 58, N. Y. 
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for 
PHYSICISTS 
and 


ENGINEERS 

TO WORK ON 

\ RESEARCH & DEVELOPMENT 
AT THE 

M. I. T. 


INSTRUMENTATION LABORATORY 


) 

; The Laboratory, with its staff of 900 employees, is prima- 

\ rily engaged in the conception and perfection of complete- 

\) ly automatic control systems necessary for the flight and 

. guidance of missiles and space vehicles. Many ‘‘firsts’’ in 
these fields have been developed at the Laboratory. 

} R and D opportunities exist in 

System Design & Theoretical Analysis 

Y e Astronautics 

Y e High Performance Servomechanisms 

\ e Power Supplies & Magnetic Amplifiers 

0 ® Digital & Analog Computers 

e Electro-mechanical Components 

Transistor Circuitry & Pulse Circuitry 

y e Research, Design & Evaluation of Gyroscopic In- 

struments 

Y e Computer Programming & Simulator Studies 

Logical Design 


and in many other areas 


CALL OR WRITE: 
DR. C. S. DRAPER, Director 


INSTRUMENTATION LABORATORY 


MASSACHUSETTS INSTITUTE OF TECHNOLOGY 


68 Albany Street, Bldg. 5U 
Cambridge 39, Massachusetts 
UNiversity 4-6900, Ext. 3544 


@ Graduate courses may be taken for credit while earning full pay @ U. S. Citizenship required 
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Semiconductors which have more 
donor levels than acceptor levels—so 
that the first term of the equation 
given for conductivity—are called p- 
type semiconductors. When the sec. 
ond term dominates they are called p. 
type semiconductors. Most intrinsic 
semiconductors are n-type, since n, 
and n, are equal and yp, is greater than 
pp in most semiconductors. 

One other important aspect of semi- 
conductors is the p-n junction. Such 
a junction results when n-type and p- 
type regions exist in the same crystal. 
Under equilibrium conditions, elec. 
trons have moved across the junction 
into the p-type region and holes have 
done the opposite, so that a barrier 
exists to further nonequilibrium mo- 
tion. When the n-region is biased ex- 
ternally negative, more current will 
flow across the junction; but when it 
is positive with respect to the p-region, 
it becomes very difficult for charge to 
transfer across the junction. A p-n 
junction then is a rectifier. 

The foregoing has been concerned 
mostly with conditions which exist in 
semiconductors at equilibrium. There 
are, however, some nonequilibrium 
conditions and parameters worth a 
moment. We have talked of thermal 
excitation of carriers, but it is possible 
to excite carriers into the conduction 
band by other means, i.e., by the ab- 
sorption of radiant energy. When a 
photon with energy greater than E,, is 
absorbed, an electron is excited across 
the forbidden region and the resulting 
electron-hole pair becomes available 
for conduction. 

Under the proper illumination, then, 
a new equilibrium condition with 
larger numbers of carriers is estab- 
lished, and the conductivity of the 
sample goes up, sometimes by many 
orders of magnitude. If the light is 
suddenly removed, however, it takes a 
finite period of time for the original 
equilibrium to be re-established. Ac- 
tually, recombination has been going 
on all the time, but new carrriers are 
being generated all the time to estab- 
lish equilibrium. 

The time required to re-establish 
equilibrium is measured by a_ pa- 
rameter known as “carrier lifetime.” 
Nonequilibrium is established momen- 
tarily across a p-n junction when either 
holes are injected into a n-region or 
when electrons are injected into a p- 
region. The time required to re-estab- 
lish equilibrium after the proper bias 
is removed is the minority carrier life- 
time. It is easy to see, then, that dif- 
fusion length is related to mobility and 
lifetime, since the distance a carrier 
travels and the velocity it acquires are 
related to the time that it exists. 

With these semiconductor funda- 
mentals in mind, let us now examine 
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jobs required of semiconductor devices 
and some of the limitations of present 
materials and devices. 

Solid-state diodes and transistors are 
today common and well known. 
These devices have the restrictions 
common to most semiconductors. One 
is temperature, either the ambient in 
which they must operate or the self- 
heating that occurs during use. 

At a temperature low enough that 
few intrinsic hole-electron pairs are 
being excited, but high enough that 
most of the donors and acceptors are 
ionized, the number of donors controls 
the conductivity in the n-region and 
the number of acceptors determines 
the conductivity in the p-region. As 
the temperature increases, however, 
more and more electrons are excited 
into the conduction band, until finally 
these electrons and the resulting holes 
dominate the conductivity and the p- 
and n-regions lose their identity. In 
fact, the semiconductor becomes 
metal-like in its conductivity. 

This is known as the intrinsic range 
of temperature; and a glance at the 
first equation on page 121 shows 
that the temperature at which a par- 
ticular material becomes intrinsic is 
determined by E,. Silicon with a 
band gap of about 1.1 electron volts 
(ev) will retain its semiconducting 
properties at a higher temperature 
than germanium, which has a band 
gap of only about 0.7 ev. Much of the 
interest in compound semiconductors 
stems from the large energy gaps of 
many of these materials. Silicon car- 
bide has a band gap of about 2.4 ev; 
GaP, AIP, AlAs all have band gaps in 


excess of 2 ev. 
Other Problems 


A transistor consisting of three or 
more regions (usually p-n-p or n-p-n) 
with two p-n junctions has certain 
other problems of a fundamental na- 
ture. For one thing, the transit time of 
the minority carriers across the middle 
(base) region of the transistor con- 
trols the upper frequency at which it 
may operate. This transit time is re- 
lated, among other things, to the mo- 
bility of the minority carriers in this 
region. Again the compound semi- 
conductors, particularly the Groups 
III and V compounds, seem to hold the 
ultimate answer. Some of these com- 
pounds have mobilities of an order of 
magnitude or more larger than ger- 
manium. Mobility and_ diffusion 
length are also important in solar cells, 
which are essentially diodes with p-n 
junctions near one surface, so that the 
carriers which result from optical ab- 
sorption are within a diffusion length 
of the junction. This allows one of the 
carriers to be collected cross the junc- 
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IMPROVED SUBMINIATURE 
XENON TETRODE THYRATRON 


APPLICATIONS: Counters, grid control rectifiers, gyro erection systems, 
missile systems, automatic flight control systems, and other control 
circuits requiring utmost degree of reliability. 

ADVANTAGES: Freedom from early failure ... long service life... 
uniform operating characteristics ... ability to withstand severe shock 


and vibration. 


FEATURES: Advanced mechanical and electrical design plus 100% micro- 
scopic inspection during manufacture . . . special heater-cathode con- 
struction minimizes shorts . .. 24-hour run-in tests under typical 


overload conditions. 


The TD-17 is but one of many electron tubes designed and built by 
Bendix Red Bank for special-purpose applications. For full informa- 
tion on the TD-17, or on other tubes for other uses, write ELECTRON 
TUBE PRODUCTS, RED BANK DIVISION, BENDIX AVIATION CORPORATION, 


EATONTOWN, NEW JERSEY. 


MECHANICAL DATA 


Base. . Button: Subminiature 8-pin long or short leads 


Mounting Position... Any 


Altitude Rating (Max.)..........55605 60,000 ft. 


Bulb Temperature 128° 
Ambient Temperature (Min.)............ — 55°C. 
COME. Coated Unipotential 


ELECTRON TUBE PRODUCTS 


Conk Division 


ELECTRICAL RATINGS 


Heater Voltage 6.3 Volts 
Heater Current 0.15 Amperes 
Peak Plate Inverse Voltage 500 Volts 
Peak Forward Plate Voltage 500 Volts 
Maximum Negative Grid 1 Voltage. — 200 Volts 
Maximum Negative Grid 2 Voltage — 100 Volts 
Maximum Average Cathode Current 16 mAdc 
Maximum Peak Cathode Current 100 mA 
Heater-Cathode Voltage: Maximum. . +25 Vde 

—100 Vde 
Cathode Warm-up Time. .......... 10 sec. 


"AVIATION CORPORATION 


West Coast Office: 117 E. Providencia Ave., Burbank, Calif. 
Canadian Distributor: Computing Devices of Canada, Ltd., P. O. Box 508, Ottawa 4, Ontario 
Export Sales and Service: Bendix International Division, 205 E. 42nd St., New York 17, N. Y. 
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tion, and the device becomes a photo- 
voltaic cell. 

The paddlewheel satellite with its 
hundreds of silicon photovoltaic solar 
cells is familiar to most readers of the 
daily newspaper. These silicon cells 
have an efficiency of conversion in the 
range of 12 percent. Simple theoreti- 
cal treatments have shown that the 
maximum efficiency one can expect 
from single-material solar cells is in the 
20 to 30 percent range, and that the 
material which will give the maximum 
has a band gap of about 1 ev or 
slightly higher, because the peak of 
the solar-radiation spectrum falls in 
this energy range. Silicon falls near 
this ideal material. It has the serious 
limitation, however, of becoming in- 
trinsic just below 200 C. 

A great deal of work is being done 
on other materials whose energy gaps 
fall just above silicon in an attempt to 
extend the temperature range. These 
materials include InP at 1.25 ev, GaAs 
at 1.35 ev, and CdTe at 1.45 ev. In 
addition, research is being done on 
alloys of Groups III and V compounds 
for this application. This work is 
aimed at uniformly changing band 
gaps, so that a larger portion of the 
sun’s spectrum is used. For the same 
reason, research is being pursued on 
stacks of solar cells, each of the bottom 
ones having a smaller band gap than 
the one immediately above it. 

Most of the detection functions 
using solid-state devices rely upon the 
photoconductive response of a semi- 
conductor crystal. Photoconductivity 
can be defined as simply the change 
in conductivity of a material due to 
absorption of electromagnetic radia- 
tion. The mechanism of photoconduc- 
tivity can be explained descriptively on 
the basis of the diagram here at 
right. In a pure semiconductor, all 
radiation whose energy is less than E, 
will pass through the semiconductor. 
But when photons of energy greater 
than E, are absorbed, they will excite 
electrons into the conduction band. 
The sensitivity of the photoconductor 
will be determined by the number of 
carriers already present in the conduc- 
tion band. The relative change in 
current (AI/I) under illumination is 
made as large as possible by reducing 
the number of initial carriers present. 
Thus the most sensitive photocon- 
ductors are actually insulators in the 
dark or nearly so. 

This makes the band gap E, an im- 
portant parameter in photoconductors, 
because in the exponential of the first 
equation on page 121 we desire to 
keep E, large so that at ordinary tem- 
peratures the value of the exponential, 
and hence the value of the thermally 
excited carriers N, will be very small. 
Cadmium sulphide, which is probably 
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the classic photoconductive insulator, 
has a band gap of 2.4 ev. Since E, 
equals the lowest-energy photon ab- 
sorbed in this process, the band gap 
also determines the highest wave- 
length radiation which will be ab- 
sorbed. We speak of this highest 
wavelength as the “absorption edge.” 

The table on page 41 shows the re- 
lationship between these parameters 
for many of today’s semiconductors. 
For detectors, however, one must com- 
promise these two requirements ac- 
cording to the radiation it is desirable 


Band Scheme of Semiconductors 


DONOR LEVELS> 
CONDUCTION BAND 


FORBIDDEN ENERGY LEVELS 
E, VALENCE BAND 
ACCEPTOR LEVELS= 


to detect. Pure CdS, which absorbs 


everything below about 5000 A would 
not be useful in the detection of infra- 
red radiation. Both germanium and 
silicon, with much smaller band gaps, 
can be used in the very near-infrared 
(1 or 2 microns and below). But to 
detect radiation in the far-infrared, 
other materials must be used. InSb 
with a band gap of 0.18 ev is used for 
radiation slightly longer than that de- 
tectable with germanium and silicon. 
HgSe and HgTe with band gaps of 
0.16 ev and 0.08 ev, respectively, 
extend the range even more. These 
last three materials, however, have 
the disadvantage that the band gap is 
so small that at room temperature 
many carriers are thermally excited 
into the conduction band. 

To make the sensitivity great 
enough to use, then, these materials 
must be cooled to liquid-nitrogen tem- 
perature or below. InSb is also used 
in the so-called PEM detector, which 
makes use of the interaction of a mag- 
netic field and the carriers excited by 
incident radiation. This device also 
must be cooled. 

A technique developed recently to 
produce detection material for the far- 
infrared is to dope germanium with 
gold or zinc. Such detectors require 
cooling to a very low temperature, 
and their response mechanism is some- 
what more complex than what has 
been described. 

Another of the many interesting 
effects in semiconductors which is get- 
ting a great deal of attention these 
days is thermoelectricity. The Peltier 
and Seebeck effects were discovered 
more than a century ago. It was dis- 


covered that when a current is forced 
to flow in a circuit which contains two 
junctions of dissimilar metals one junc- 
tion gets warm and one get cold. 
Conversely, it is known that if one 
heats one of the junctions and cools 
the other an electric current will flow 


in the circuit. The possibilities for 
using phenomena for heavy pumping 
and power generation, respectively, 
has long been recognized; but only 
with advances in semiconductor tech- 
nology has it been possible to hope 
that such systems will become eco- 
nomically feasible. 

The material requirements for ther- 
moelectric cooling and for thermoelec- 
tric generation are somewhat different, 
i.e., generators must be made from ma- 
terials which will withstand high tem- 
peratures. But there are more similar- 
ities in requirements, so we shall deal 
here with generation. It can be shown 
that the efficiency, », of a thermoelec- 
tric generator is given by the expres- 
sion y = 1/2(T, — T,)/[T; + 272 
— 1/4(T, — T,)], where T, and T, 
are the temperatures of the hot and 
cold junctions, respectively, and Z is 
a marterial parameter called the figure 
of merit, given by Z = a?/ (kip; + ke 
pz)”, where q@ is the thermoelectric 
power, k is the thermal conductivity, 
and p is the electrical resistivity. The 
subscripts refer to the two arms of the 
couple, and the expression reduces for 
a single material (k,j = ks and p; = 
p2) to Z = a?/kp. 

For most metals the thermoelectric 
power is small, of the order of 10-6 
volts per K, and the product kp is of 
the order of the theoretical value, 2.5 
x 10-8T, where T is the average tem- 
perature of the element. For an aver- 
age temperature of 500 K (element 
operating between 700 and 300 K), 
the figure of merit is approximately 
8.2 x 106 and the efficiency » be- 
comes 0.085 percent. A. F. Ioffe gives 
the best value for metals as Bi-Sb be- 
tween 450 and 300 K with an effi- 
ciency of 3.1 percent. 

In semiconductors, Z can be larger 
than 10°° and the efficiency can ap- 
proach 10 percent or higher. 


Research Aim 


Most of the research now being con- 
ducted is aimed at improving the value 
of Z in existing materials and search- 
ing for material with a higher figure of 
merit. In semiconductors, opti- 
mum value of the a?/p ratio may be 
attained by proper addition of donors 
and acceptors. The thermal conduc- 


tivity should be as low as possible. 
Ioffe led the way in isoelectronic dop- 
ing to reduce thermal conductivity. 
Isoelectronic doping is the addition of 
a material which lies in the same group 
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of the periodic table as one of the ele- 
ments of the thermoelectric compound, 
ie., selenium doping of BiTe;. This 
is possible since the thermal conduc- 
tivity has two parts: The electron 
contribution, which represents the en- 
ergy by the electrons, and the phonon 
contribution, which represents the en- 
ergy transferred by the lattice. By 
isoelectronic doping, the lattice reg- 
ularity can be disturbed and_ the 
latter contribution can be decreased. 


At present, Bi.Te,; appears to be 
the best material for heat pumping 
applications where the temperature 
of the hot junction is not too high. 
Snap III, a generation device, which 
uses the decay of radioactive isotopes 
as the heat source, uses PbTe as the 
conversion units. GeTe, among 
others, has attracted much attention 
recently, but the low efficiencies still 
leave something to be desired. A 
great deal of research is in progress in 
this area, and there is good reason to 
believe that an improvement in mate- 
rials will be worthwhile. 

The requirements for power in sat- 
ellite vehicles and space probes, 
manned or unmanned, will increase 
as instrumentation and over-all so- 
phistication becomes more advanced. 
Thus far, only two means have been 
used to power the electronics of sat- 
ellite vehicles—self-contained bat- 
teries and silicon solar cells. Another 
method which may become important 
is the heat engine, and the simplest 
possible heat engine is a thermoelectric 
generator. 

A thermoelectric generator for space 
vehicles which uses solar energy as 
the prime source would consist of a 
lightweight mirror to concentrate the 
solar energy onto a_ thermoelectric 
module. It is instructive to consider 
the size and weight of a unit which can 
deliver, for example, 100 watts. Us- 
ing materials available today, such as 
were used in Snap III, the weight of 
the thermoelectric materials alone 
amounts to about 1.5 Ib, assuming that 
the length of each element is 1/4 inch. 
The mirror would be required to main- 
tain a temperature of 500 C at the hot 
junction, while the cold junction 
should be no hotter than 100 C. The 
surface area of the generator itself 
would be about 25 sq in. By compar- 
ison, a battery of silicon solar cells re- 
quired to furnish 100 watts would 
weigh 0.5 Ib and have a surface area 
of 13 1/, sq ft. 

Thus, both the thermoelectric gen- 
erator and the silicon solar cells have 
their advantages and disadvantages. 
The thermoelectric generator weighs 
about three times as much as the solar- 
cell battery, but the area of the solar- 
cell battery exceeds that of the ther- 
moelectric generator by a factor of 
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about 80. As the quality of thermo- 
electric materials is improved, the 
weight of a thermoelectric generator 
will approach that of a battery of solar 
cells. 

But the sun is not the only pos- 
sible prime source of power in space- 
flight. In an unmanned vehicle, a 
nuclear reactor could be the prime 
source; and since no shielding would 
be required, the reactor could be very 
light. In this case, a thermoelectric 
generator could be advantageously 
used to convert heat from the reactor 
to electricity. For power conversion, 
thermionic is of as much interest as 
thermoelectric conversion. However, 
thermionic devices don’t operate well 
in the lower temperature regions, and 
there is speculation that the ultimate 
device will be a combination of ther- 
moelectric and thermionic generators. 

Solid-state masers form another 
field of growing work with semicon- 
ductor materials, such as_ ruby. 
Harold Lyons discusses current work 
on various forms of the mass on page 
38. 

Low-temperature research is an- 
other field becoming more and more 
important in electronics. The last 10 
years have witnessed an extraordinary 
growth of interest in basic research at 
temperatures below 20 K, as well as 
an equally rapid dissemination of low- 
temperature technology to fields re- 
mote from pure research—to computer 
design and missile propulsion, to name 
but two. The reasons for this sudden 
growth of interest are not hard to dis- 
cover. Of prime importance, perhaps, 
is the circumstance that nature has 
provided an abundance of physical 
systems having energy levels separated 
by 10 ev or less. The equilibrium 
populations of these energy levels are 
governed by various classical and 
quantum mechanical distributions con- 
taining the factor exp (E/kT). There- 
fore, the many observable properties 
depending upon population will be 
changing rapidly at the very lowest 
temperatures, where an increase of 20 
K can be an order of magnitude 
change in T. Notable among such 
systems are the paramagnetic salts, 
currently under intensive investigation 
in most of the world’s major solid-state 
laboratories. Application of these 
salts to parametric oscillation and am- 
plification is already well established, 
and future applications promise to be 
equally fruitful. 

Of scarcely less importance is the 
circumstance that only at low tempera- 
tures do quantum-mechanical phe- 
nomena manifest themselves on a 
macroscopic scale. The superfluidity 
of liquid Helium II and the supercon- 
ductivity of various pure metals and 
alloys have long occupied the attention 
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of theoretical physicists, by reason of 
their conspicuous resistance to integra- 
tion within molecular theory. On a 
classical basis, such “quantum liquids” 


should not exist at all. Ordinary 
quantum mechanics is for the most 
part powerless to analyze them; it is 
only when we include the effects of 
long-range ordering of momentum that 
these liquids begin to become under- 
standable. In this manner a workable 
theory of superconductivity has at last 
been constructed. Many of its impli- 
cations, however, remain to be ex- 
plored, particularly those which sug- 
gest profound and intimate similarity 
to other cooperative phenomena in 
solids, such as ferromagnetism. The 
still more baffling problem of super- 
fluidity appears to be yielding slowly 
to the combined efforts of theoreti- 
cians, as they gradually master the 
formidable problems of many-body 
mechanics, and experimenters, as they 
study the hydrodynamics and energy 
spectra of the He*-He* mixtures. 

Finally, it should be remarked that 
the techniques of the cryogenic labo- 
ratory are finding increasingly wide- 
spread application outside the field of 
physics. Electrical engineers, for in- 
stance, are on the verge of creating a 
wholly new breed of electronic com- 
puter—faster, smaller, and lighter than 
any now in existence—based on the 
London and Pippard equations for the 
electrodynamics of superconductors. 
It appears, in short, that we are about 
to witness the emergence of cryogenics 
as an applied science of the first 
importance. 

Materials technology, however, is 
still in its infancy and new techniques 
and new devices are constantly being 
developed. Moreover, in space and 
airborne applications of electronics, we 
must constantly face the problem of 
weight and volume. Solid-state de- 
vices have from the start lent them- 
selves well to miniaturization. The 
development of printed circuits, the 
miniaturization of components, and 
the microminiaturization of circuits 


pioneered by scientists at the Diamond 
Ordnance Fuze Laboratories have all 
been steps along the trail to less weight 
and less volume. But it has been said 
that with payload limitations of the 
foreseeable future reductions in size 
and weight must be at least 100 times 
better. 

This has led to a revolution in the 
thinking and philosophy of circuit de- 
sign, and the result has been a far- 
reaching research effort in molecular 
electronics. 

This research aims at removing the 
circuit designer from a maze of build- 
ing blocks which current devices rep- 
resent. In the future he will think in 
terms of circuit functions performed 
in one building block, and the result 
will be smaller and lighter systems. 

Almost without exception, the 
stumbling block to improved devices 
has been materials; and with the com- 
ing of microminiaturization and the 
performance of many circuit functions 
in one small building block, the mate- 
rials problem has become more acute. 
Consequently, the search for new elec- 
tronic materials is leading into many 
areas heretofore unexplored—into the 
Groups II-VI and II-V compounds 
containing three or more elements, 
into organic materials, into the oxides, 
and into the alkali halides. 

Today we are on the threshold of an 
era in which it will be possible to truly 
specify materials for a particular func- 
tion and have the molecular electronic 
engineers fabricate it to those speci- 
fications. But while research in ma- 
terials technology is growing, it needs 
to proceed at a much faster pace if it 
is to keep up with our needs. 
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Television Cameras 


(CONTINUED FROM PAGE 37) 


under its everpresent cloud blanket. 
In addition, landing remotely con- 
trolled robots on the moon will bring, 
through the remote vision of the tele- 
vision camera, closeups of lunar sur- 
face materials. 

These are some of the many scien- 
tific applications for which the tele- 
vision camera adapted for space may 
be used. Cameras may also be used 
to accumulate technical engineering 
data by monitoring critical instrument- 


ation or rocket operations, making it 
possible to control more accurately 
rocket burning and stage separation 
from the ground. 

A television camera for space must 
conform with many rigid requirements 
not demanded of the more familiar 
studio camera. In the first place, be- 
cause a battery of cameramen, video 
men, lighting technicians, and program 
directors will not be present, the space 
television camera must operate unat- 
tended and without benefit of manual 
readjustment. Secondly, it must sur- 
vive the high-vibrational shock asso- 
ciated with launching and must oper- 
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ate in the environment of space, which 
includes considerable temperature var- 
iations and an absence of atmospheric 
conditions. This requires that its ma- 
terials be stable in a vacuum, its 
thermal design be tolerant of the lack 
of convective cooling, and that all of 
its moving parts be lubricated with 
materials having low-vapor pressure. 
In addition, the high level of radia- 
tion in outer space must not be al- 
lowed to cause cumulative adverse ef- 
fects upon the operation of the camera. 
Power and weight, always restricting 
in space vehicles, must be held to a 
bare minimum. 

These design restrictions, while 
severe, are still within the realm of 
practicality. The selection of an im- 
age sensor which is least susceptible 
to environmental parameters is a ma- 
jor and significant step in reaching the 
design solution. 

The vidicon camera represents a 
significant advance in sensor design. 
Vidicons have now been developed for 
space applications. These are rug- 
ged, have relatively wide temperature 
limits, and have photoconductors es- 
pecially tailored for slow-scan opera- 
tion. These sensors, moreover, are 
insensitive to radiation, and thus do 
not need lead shielding. 


Techniques Used 


The use of transistors, printed cir- 
cuits, modular construction, and band- 
width-conservation techniques, all 
lend themselves to the solution of re- 
liability, power, and weight-saving 
problems. A camera chain, including 
synchronizing generators, has been 
built using only 80 sq in. of printed 
board area. The use of miniaturized 
components and the design of cir- 
cuits to eliminate the need for large, 
heavy elements have made it possible 
to build this camera, including optics, 
to weigh less than 4!/5 Ib. With 
power saving an essential considera- 
tion, minimum-current transistor cir- 
cuits have been designed, keeping in 
mind that reliability is of paramount 
importance. The incompatibility of 
these two requirements necessitates 
certain compromises. Optimum re- 
liability has been achieved by using 
negative feedback in all critical cir- 
cuitry and Zener diodes, for voltage 
regulation and circuit isolation. Using 
the above techniques, reliable opera- 
tion has been attained while restrict- 
ing the required camera power to less 
than 8 watts from a single 25-volt, 
DC supply. This is approximately the 
amount of power required to operate 
an electric shaver. 

A more significant contribution to 
over-all system power drain is asso- 
ciated with transmitting the television 


picture over the long path lengths to 
the earth. This power and range, 
translated into signal-to-noise ratio at 
the receiver, is dependent upon the 
rate of delivering information, or sig- 
nal bandwidth. The rate of informa- 
tion delivery may be reduced by a 
very large factor by slowing the TV 
scanning rate. The graph on page 36 
shows the relationship of resolution 
and frametime in bandwidth determi- 
nation. Further power reduction is 
achieved by eliminating redundancy; 
that is, by transmitting a given picture 
once and not sending a new picture 
until the scene has changed sufficiently 
to require it. 

For example, in RCA cameras de- 


signed for space exploration, the pic- 
ture frametime has been increased 
from 1/30 sec, common to commer- 


cial television, to 2 sec. This means 
that the bandwidth, and hence, the 
required transmitter power required to 
radiate this picture information, is re- 
duced by a factor of 60. The price 
paid for this bandwidth reduction is 
that only slowly changing scenes may 
be viewed successfully by the camera. 
This is not an untenable restriction, 
however, for while the vehicle may be 
hurling through space at several miles 
per second, the actual rate of change 
of scene information in most space 
pictures is relatively slow. 

The stability of the vehicle is an im- 


challenge and opportunity alike. 
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portant factor in these considerations. 
If the vehicle is spinning, a blurred 
image will result. To solve this prob- 
lem, a shutter is used and the scene is 
immobilized in a manner similar to 
that used in still photography employ- 
ing film. The storage capabilities of 
the vidicon’s photoconductive surface 
allow short exposures to be made and 
scanned in the 2-sec frametime. For 
spin rates of 10-to-20 revolutions per 
min, a shutter time of approximately 1 
millisec is satisfactory for a 500-line 
picture. If a slower spin rate or at- 
titude stabilization is employed in the 
vehicle, shutter times of more than 
1/100 sec would be practical, permit- 
ting operation with less light. 


Usefulness Measured 


The usefulness of the television cam- 
era can be best measured in terms of 
the dimensions in the scene it is ca- 
pable of resolving and the minimum 
illumination which is required for an 
exposure. The scene detail is estab- 
lished as a factor indicating the best 
resolution of the photosensor and the 
selected focal length of the optical 
system. The half-inch vidicon has a 
resolution of 35 optical lines per milli- 
meter on axis. The relationship which 
will yield scene resolution is expressed 
by the equation Gp, = S/300 R, 
where S is the scale factor, equal to 
the ratio of altitude to focal length, 
and R is the sensor resolution in optical 
lines per millimeter. Gp is the de- 
sired ground, or scene, resolution. 

With reference to the minimum re- 
quired scene brightness, typical vidi- 
con operation will permit the follow- 
ing operating conditions: With 0.03 
ft-candle-sec impinging on the photo- 
conductor through the lens, an image 
bright enough to produce a good pic- 
ture on the television screen will re- 
sult. With an effective lens aperture 
ratio of f/2 and a 1-millisec exposure, 
a scene illuminance of 480-ft-lamberts 
would be required. (Special vidicons 
capable of 0.01  ft-candle-sec have 
been built.) Photography is then 
limited to times when the position of 
the satellite with respect to the sun 
and the scene is favorable and exceeds 
this minimum value. Larger payload 
capacity will permit the use of the 
image orthicon and other television 
sensors which possess several thousand 
times this sensitivity. 

Within these limitations and de- 
sign criteria, a number of cameras 
have been designed. The versatility 
of these designs is important, since, 
with slight changes in scanning rates, 
system bandwidth, focal length, ef- 
fective aperture ratio, and spectral re- 
sponse of the sensor, all of the applica- 
tions previously described can be rea- 
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lized. Future improvement lies in 
the direction of developing sensors 
and associated optics with increased 
resolution and _ sensitivity and com- 
munications systems with increased in- 
formation-rate capacity. 

The Tiros meteorological satellite 
cameras, developed under contract 
with the U.S. Army Signal Corps for 
NASA, were designed along the lines 
just described. These cameras, em- 
ploying half-inch, red-sensitive vidi- 
cons produce a series of still photo- 
graphs depicting the cloud cover over 
a large area of the earth; the photo 
on page 37 shows a half-inch vidicon. 
This design required a number of spe- 
cial features, one of which was an 
electromagnetic shutter capable of 
making exposures of 1-millisec for 
many thousand operations without fail- 
ure. In addition to its high speed, its 
travel across the image plane is re- 
quired to be quite linear, to eliminate 
extraneous shading. 

The photo on page 37 shows the 
complete Tiros camera unit. It is 
equipped with a wide-angle lens for 
viewing the large expanse of the earth 
necessary to present the cloud patterns 
useful to meteorologists. The opera- 
tion of the cameras in the meteoro- 
logical satellite system will be de- 
scribed in a forthcoming article in 
Astronautics. 

The recent pictures the Russians 
took of the back side of the moon using 
film technique represent the type of 
mission which is readily carried out by 
television. Under a contract to the 
Jet Propulsion Laboratory, a very light- 
weight television camera of the type 
just described was built for such a 
moon probe. This payload was not 
launched because of a change in plan- 
ning, but the development and testing 
of the camera proved the feasibility 
of building a vidicon camera for this 
kind of exploratory mission. 

The concept was to send a probe out 
past the moon with the television cam- 
era taking a backward look at the 
moon’s opposite side. The resulting 
picture would have been transmitted 
while the vehicle continued to travel 
out into space. The principal system 
problem was the retrieval of the gath- 
ered information with a minimum ex- 
penditure of power, and consequently, 
of weight. 

Other lunar trajectories can be de- 
signed for a near miss of the moon 
with the return leg of the trajectory 
closer to the earth, within more rea- 
sonable communication distances. The 
alternative to this return trajectory is 
the reduction of bandwidth still further 
to decrease the additional power re- 
quired to span by radio transmission 
the distances to the moon and beyond. 
Bandwidth can be reduced by another 


order of magnitude with a magnetic- 
tape recorder. A tape recorder is ca- 
pable of bandwidth compression by 
drastically reducing the playback 
speed. This solution to the problem 
of conserving the power allocated for 
communications is presently realiz- 
able. 

In the JPL camera design shown on 
page 37, low weight and power con- 
sumptions were the primary design re- 
quirements. These requirements of 
economy are especially important in 
equipment destined to leave the 
earth’s gravitational field under the 
power of expensive rocket boosters. A 
half-inch vidicon was chosen for this 
application because it could readily be 
made rugged; it represented a mini- 
mum of deflection coil weight; and it 
permitted the use of smaller and 
lighter optical elements. The cir- 
cuitry for the entire camera was pack- 
aged on two circular printed-circuit 
boards to conform to the instrument 
package configuration. It also fea- 
tured a rigid sandwich construction 
of glass-epoxy board foam mounted on 
an aluminum plate and coated with 
and epoxy conformal coating. This 
design was able to withstand a high 
level of vibration and shock. The use 
of this metal-foam sandwich also suc- 
cessfully solved the problem of heat 
transfer. The conformal coating was 
very effective in improving the paths 
for heat conduction, as well as acting 
as a binding medium, firmly securing 
all components to the board. 


Simplicity Achieved 


Simplicity and high reliability in the 
JPL camera design was achieved by 
the use of transistors with negative- 
feedback circuits. In the video am- 
plifier, where gain stability is very 
important, DC-coupled complemen- 
tary pairs, AC-coupled to the follow- 
ing pair, were used. Each pair em- 
ployed negative feedback as well as 
circuitry for stabilization of the op- 
erating point. Since passage of very 
low frequencies was required, a clamp 
circuit for restoring the DC compo- 
nent was used. Special circuit-design 
techniques were also required in the 
DC converter (which provided vidicon 
electrode voltages), the focus current 
regulator, and the highly linear de- 
flection circuits to insure stable opera- 
tion during thermal fluctuations. 

The fabrication methods employed 
and the end use of this camera are 
typical of the design approach which 
will be used in applying television to 
the exploration of space. The lunar 
exploration preceding a soft landing, 
and following a near-miss trajectory, 
will be a retarded impact. A televi- 
sion camera designed for such a mis- 
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sion will be equally adaptable to other 
planetary flights. The obtainable sur- 
face ecauhions with a given television 
system is directly proportional to the 
weight of the optics, which are, in 
turn, payload limited. Our largest 
telescopes to date have vielded resolu- 
tion of the order of 300 meters on the 
lunar surface. (In comparison, Lunik 
III produced images with considerably 
less resolution from less than one-fifth 
this viewing distance.) The lower 
lunar albedo (0.07) and the low con- 
trast ratios of the moon’s homogeneous 
surface tend to reduce the effective 
definition of the image. As viewed 
from the earth, the effect of atmos- 
pheric boil causes further deteriora- 
tion. 

To achieve the best lunar images 
ever recorded to date, an impact tra- 
jectory in which the camera takes a 
sequence of pictures as the vehicle ap- 
proaches the surface has a good chance 
of success. The number of pictures 
can be increased if the approach rate 
to the moon is retarded by a retro- 
rocket and then the vehicle is allowed 
to fall freely to the surface under the 
influence of the moon’s gravitational 
field. With this approach, a camera 
using short-focal-length optics, well 
within the weight limitations of the 
payload, can take advantage of the re- 


duction in object distance to produce 
pictures with very high surface resolu- 
tion. 

On missions using an impact trajec- 
tory, and particularly on those for 
which a soft landing is planned, ter- 
minal guidance and the information for 
controlling the trajectory can be fur- 
nished by a television camera similar 
to ones discussed here. Lateral ve- 
locity vectors can be derived from cam- 
era images, providing both speed and 
direction information. — Identifiable 
landmarks, spotted in successive pic- 
tures coupled with altitude informa- 
tion, will supply the controller on the 
earth with the data necessary to exe- 
cute a suitable landing. This informa- 
tion can also be used as an input to a 
closed-loop servosystem in the vehicle 
to control the several phases of a soft 
landing. In the initial phase, large- 
area images will furnish information 
from large distances on the geograph- 
ical area being approached. As the 
vehicle approaches the surface more 
closely, selection of the landing spot 
can be controlled on the basis of pic- 
torial information showing possible 
craters or boulders which should be 
avoided or smooth areas which would 
be desirable. 

The same television camera, with 
some minor changes to allow for dif- 


ferences in illumination conditions, can 
be used to monitor the interior of a 
space cabin to observe animal or hu- 


man occupants. While the television 
images of the earth, moon, and planets 
utilize solar illumination, the interior 
of a space cabin may well require 
pulsed artificial lighting as a means of 
conserving power. In televising hu- 
man subjects, some restrictions on the 
brightness, rate, and duration of light 
flashes must be imposed. The camera 
will permit aeromedical personnel to 
study the facial expression of the 
space-cabin occupant, the condition 
of his eyes, and his response to stimuli 
by watching these reactions on earth- 
based monitors. Subjective observa- 
tions such as these are particularly use- 
ful in judging the general condition 
and alertness of the occupant. 

Because of the rapid change of 
events in response to space stimuli, it 
may be desirable to modify the cam- 
era desizn to decrease the frametime 
to about 1/10 sec or, if slow scanning 
is retained, to alternate between two 
shuttered cameras. If the frametime is 
reduced, changes in the bandwidth 
and increase in communications power 
naturally would follow. 

An alternative way to save band- 
width is to sacrifice resolution by re- 
ducing the number of scanning lines. 


HIGH PRESSURE 
PURE GAS 
BOOSTER 


Courtesy Missile Div., Minneapolis-Honeywell Regulator Co. 


Completely integrated, portable, high pressure non- 
contaminating gas compression system. A dia- 
phragm compressor boosts cylinder pressures of 
500-2,000 p.s.i. to 10,000 p.s.i.g. System also in- 
cludes a 0.5 cubic foot accumulator, valves, fit- 
tings, gauges, etc., together with space for two 


manifolded gas cylinders on heavy 
steel panel mounted on casters. ?P 


Write for Bulletin 7 C. ? 


PRESSURE PRODUCTS INDUSTRIES, INC. 


Hatboro, Pa. OSborne 5-1600 


Manufacturers of laboratory and pilot plant 
pressure equipment. 


Chrome Alloy Steel Ball 
and Race 


Bronze Race and Chrome 
Steel Ball 


Stainless Steel Ball and Race { 


PLAIN TYPES ROD END 

+4 PATENTED U.S.A. 

+4 World Rights Reserved 

e 

$ CHARACTERISTICS 

é ANALYSIS RECOMMENDED USE 


For types operating under high 
temperature (800-1200 degrees F.). 

For types operating under ad radial 
ultimate loads (3000-893,000 Ibs.). 

For types operating under normal loads 
with minimum friction requirements. 


Thousands in use. Backed by years of service life. Wide variety of 
Plain Types in bore sizes 3/16” to 6” Dia. Rod end types in similar 
size range with externally or internally threaded shanks. Our Engi- 
neers welcome an opportunity of studying individual requirements 
and prescribing a type or types which will serve under your demand- 
ing conditions. Southwest can design special types to fit individual 
specifications. As a result of thorough study of different operating 
conditions, various steel alloys have been used to meet specific 
needs. Write for Engineering Manual No. 551.Address Dept. AST-60 


SOUTHWEST PRODUCTS CO. 


1705 SO. MOUNTAIN AVE., MONROVIA, CALIFORNIA 
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THIS COUPON WILL BRING YOU A VALUABLE BOOKLET ON TESTING WITH CARDOX COs. SEE OFFER BELOW. 


Get the facts on CO. Testing 


TROL 


specific testing needs. 


Carbon Dioxide. .. Carbonic Gas... Dry Ice. 


Dept. 1435, 840 N. Michigan Ave., Chicago 11, Ill. 
Jersey City, N. J. 
7th & Provost Sts. 


Memphis, Tenn. 
784 Mississippi St. 


Regional offices: 


Satisfactory pictures could still be ob- 
tained with a reduction to 160 lines 
per frame. In this case, high scene 
detail could be retained by using a 
smaller field of view, encompassing, 
for instance, only the face of the sub- 
ject. The face and the complete upper 
torso could be viewed alternately by 
switching in appropriate optical sys- 
tems. To achieve the proper scene 
illumination, a 25-watt lamp with a 
100-lumen per watt efficiency would 
sufficiently illuminate 25 sq ft of scene 
area from a distance of 3 to 4 ft, pro- 
viding a highlight brightness of 75 ft- 
lamberts. This amount of scene 
brightness is sufficient to activate a 
vidicon camera which has been shut- 
tered to prevent image smear. 

Because of the short distance be- 
tween the camera and the cabin oc- 
cupant, the depth of field must be 
taken into account. This is defined as 
a range of object distance from the 
camera at which the images will not 
be degraded because of misfocus. 
Since the permissible depth of field 
varies with lens aperture, compromises 
must be made with exposure factors 
such as shutter and over-all scene il- 
lumination. 

Weather surveying, lunar or plane- 
tary reconnaissance, and space-cabin 
monitoring illustrate the wide range 
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PIONEERS OF CO2 FOR ENVIRONMENTAL TESTING 


-100°F. IN SECONDS WITH ABSOLUTE CON- 
yours with a Cardox Bulk Liquid 
CO, Storage Unit installed, serviced and 
maintained on your premises. Exclusive, 
patented CARDOX CO: VAPOR RECY- 
CLE SYSTEM insures maximum cooling 
effect of carbon dioxide at point of use—at 
all times. Cardox carbonic gas and dry ice 
also available in any quantity to suit your 


MAIL THIS COUPON, attached to your signed letter- 
head, to Cardox. You will receive your copy of a new, illus- 
trated booklet which fully describes the various methods of 
testing with COs in use today, and shows how Cardox CO» 
Vapor Recycle System can bring new economy, efficiency and 
reliability to your operation. Send for your copy today. 


CARDOX PRODUCTS: Carbon Dioxide Fire Extinguish- 
ing Systems, Trucks, and Foam Fire Equipment... Liquid 


CARDOX vision of cHemeTRON CORPORATION 


Detroit, Mich. 

1723 W. Lafayette Blvd. 
Chicago 9, IIlinois 

43rd & Marshfield 


® 


Fort Worth, Texas 
825 N. Calhoun St. 


Los Angeles, Cal. 
151 North Avenue 19 


of applications for the basic miniature 
vidicon camera with appropriate scan- 
ning modifications and optical systems. 
For the present and near future, these 
and other applications pointed out in 
the introduction—stellar observations, 
planetary mapping and _ exploration, 
and scientific instrumentation—are all 
attainable through high-definition tele- 
vision at a minimum tax on power-sup- 
ply and communication systems. Im- 
provements in vidicons and_ other 
image sensors, and in associated cir- 
cuits and focusing and deflection com- 
ponents, promise an increase in resolu- 
tion of about three to one. 

Camera potentialities will also be in- 
creased for space applications by de- 
velopments in infrared sensitive vidi- 
cons, storage vidicons, and _ electro- 
static storage tape. The importance of 
infrared in astronomical measurements, 
and in weather observations, where it 
adds the possibility of both day and 
night observations of the earth’s cloud 
cover by imaging infrared wavelength 
emissions, is well established. The 
storage vidicons possess the character- 
istic of storing an exposure for a period 
of several weeks without observable 
image deterioration. This suggests 
the possibility of remote viewing and 
delayed readout. The electrostatic 
tape, an elongated vidicon photocon- 


ductor capable of being rolled on a 
reel and readout by a television scan- 
ning process, is similar in performance 
to the storage vidicon. This device 
will be particularly useful for strip 
photography. In remote planetary 
picture taking, it will allow images to 
be stored until the space vehicle is in 
a favorable place for optimum com- 
munication with the earth. 

The minature television camera is 
now in a position to provide a sub- 
stantial contribution to space instru- 
mentation, and an increased usefulness 
in space exploration is predicted for 
the existing design and for image sen- 
sors now under development. 


Suggested Additional Reading 


Hutter, E. C., Moore, T. H., and Inslee, J. A., 
“Electrostatic Imaging and Recording,” Journal 
of the SMPTE, vol. 69, no. 1, Jan. 1960. 

Mesner, M., Staniszewski, J., and Werenfels, 
P., “A Television Camera for Space Application,” 
Advances in Astronautical Sciences, vol. 4, 1959, 
p. 243. 

Ritter, M., and Mesner, M., “Image Sensors 
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Tube Performance with Slow Scanning Rates,” 
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ment Printing Office. 

Spaulding, S., and Staniszewski J., ““Television 
Observations of Occupant Behavior in Space 
Vehicles,” Space Medicine Electronics Sym- 
posium, The Franklin Institute, May 18, 1959. 


Project Mercury 
Earth Path Indicator 


Technician at Minneapolis-Honeywell 
Aeronautical Div. adjusts Project Mer- 
cury Earth Path Indicator, which will 
allow Astronaut to “see” where he is 
over the earth at all times. The Astro- 
naut will view a grapefruit-size replica 
of earth through the instrument’s win- 
dow (lower left) in the same manner 
as though he were actually seeing the 
earth through a window in the capsule. 
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Advance in 
Electronic Switching 


New equipment and processes 


Burroughs Corp.’s Electronic Tube 
Div. has developed a new decimal 


Above, Beam-X switch with transistor circuitry for counting applications to fre- 


quencies of 110 kc. 


Ten electrical outputs activate visual displays, printers, 


and preset counting functions. The entire unit uses only 56 components, which 
compares well with some 145 needed in a comparable all-transistor counter. 


electronic “Beam-X” switch that it ex- 
pects to effect a major change in basic 
electronic design logic from binary to 
decimal systems. The Beam-X switch 
uses small rod magnets within a 
vacuum to control the position of an 
electron beam to any one of 10 output 
positions. The result is a decimal 
switch that in size, weight, cost, and 
power outperforms, according to the 
company, all existing vacuum, mag- 
netic, and solid-state devices in multi- 
position switching, counting, distribut- 
ing, multiplexing, and allied opera- 
tions. In a typical ten-position switch- 
ing application, the new Beam-X deci- 
mal switch eliminates some 90 tran- 
sistors, diodes, and resistors which 
must be used with binary logic to 
achieve the same results. The new 
switch appears to have many appli- 
cations in the missile and space field— 
e.g., multiplexing flight-data samplers, 
countdown marking and_ display, 
counting and timing for tracking 
radars, etc. 


Temperature Sensor: This Delta- 
Couple (Model B1) is available with 
body materials of 1020, ASTM-A7, 
4130, or 303-stainless steel; junction 
material is Chromelalumel. Body 


lengths are in 1/,-in. increments from 
'/, in. to 31/g in; thermocouple junc- 
tion location, in increments of 1/g in. 
from 0.001 in. of heated surface to 
(.005 in. from unheated surface. Ad- 
vanced Technology Laboratories, Div. 
of American-Standard, 369 Whisman 
Rd., Mountain View, Calif. 


Vibration Testing: When a random 
shaker system is equalized at a low 
sine wave level, the system cannot be 
assumed linear while the test is in 
progress. These unknown variations 
can be analyzed and corrected by use 
of the ESD-20 spectral density equali- 
zer and ASD-20 spectral density ana- 
lyzer, featuring simplified controls, 
continuous analysis, and immediate ad- 
justment. Ling Electronics Div., 1515 
S. Manchester Ave., Anaheim, Calif. 


Thermatool—High-Frequency 


Fins, ribs, and other continuous pro- 
jections can be produced at high 
speeds on ferrous and nonferrous tubes 
and flats by the Thermatool high-fre- 
quency welding method developed and 
patented by the New Rochelle Tool 
Corp., New Rochelle, N. Y. 

In the Thermatool method, the 
edges of the metal to be bonded are 
positioned opposite each other as the 
strip to be added travels through a 


Welding a fin to a tube with Therma- 
tool. 


Welding 


forming mill (for tubing, any standard 
mill), the open seam being kept in the 
from of an elongated V, with the root 
of the V at the squeeze rolls which 
effect the weld. Two sliding contacts 
riding on either side of the open seam, 
about 1 or 2 in. from the root, intro- 
duce high-frequency (450,000 cps) 
current into the metal. This current 
hugs the edges, producing high local 
heating. Pressure applied at the root 
of the V then will give a forged weld, 
forged lap, mashed lap, or butt edge, 
as desired. 

This technique makes possible the 
welding of strip to tubing, as well as 
innumerable odd combinations. The 
same welding head can be used inter- 
changeably with various metals and 
alloys to weld continuously in thick- 
nesses from 0.004 to #/, in. at speeds 
up to 1000 fpm. 

The accompanying picture shows a 
closeup into a compartment where a 
fin weld is being made. Argon gas en- 
ters the compartment through the 
doughnut-shaped chamber. Behind 
this doughnut, the squeeze roll effects 
a weld between fin and tube. Just be- 
hind the squeeze roll can be seen the 
two sliding contacts that introduce 
450,000-cps current into the metal. #® 
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In today’s scientific and technological expansions, no single countiffat; 
has a monopoly on Ideas. (PT, the worldwide electronics and cota 
munications company, enjoys the idea-exchanging of more. thilfyo 
7,100 scientists and engineers working in LOL laboratories atiler 
plants im 20 countries. 

This global capacity encompasses a lot. From miniaturized componeal 
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